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ABSTRACT
We present the results of a near-infrared (NIR) spectroscopic follow-up survey of 182 M4–L7 low-mass
stars and brown dwarfs (BDs) from the BANYAN All-Sky Survey (BASS) for candidate members of nearby,
young moving groups (YMGs). We confirm signs of low-gravity for 42 new BD discoveries with estimated
masses between 8–75 MJup and identify previously unrecognized signs of low gravity for 24 known BDs. This
allows us to refine the fraction of low-gravity dwarfs in the high-probability BASS sample to ∼ 82%. We use
this unique sample of 66 young BDs, supplemented with 22 young BDs from the literature, to construct new
empirical NIR absolute magnitude and color sequences for low-gravity BDs. We show that low-resolution NIR
spectroscopy alone cannot differentiate between the ages of YMGs younger than ∼ 120 Myr, and that the BT-
Settl atmosphere models do not reproduce well the dust clouds in field or low-gravity L-type dwarfs. We obtain
a spectroscopic confirmation of low-gravity for 2MASS J14252798–3650229, which is a new ∼ 27 MJup, L4 γ
bona fide member of AB Doradus. We identify in this work a total of 19 new low-gravity candidate members
of YMGs with estimated masses below 13 MJup, seven of which have kinematically estimated distances within
40 pc. These objects will be valuable benchmarks for a detailed atmospheric characterization of planetary-mass
objects with the next generation of instruments such as the James Webb Space Telescope. We find 16 strong
candidate members of the Tucana-Horologium association with estimated masses between 12.5–14 MJup, a
regime where our study was particularly sensitive. This would indicate that for this association there is at least
one isolated object in this mass range for every 17.5+6.6−5.0 main-sequence stellar member, a number significantly
higher than expected based on standard log-normal initial mass function, however in the absence of radial
velocity and parallax measurements for all of them, it is likely that this over-density is caused by a number of
young interlopers from other moving groups. Finally, as a byproduct of this project, we identify 12 new L0–L5
field BDs, seven of which display peculiar spectroscopic properties.
Subject headings: brown dwarfs — proper motions — stars: kinematics and dynamics — stars: low-mass
1. INTRODUCTION
Young moving groups (YMGs) consist of stars that formed
recently (. 120 Myr) from a molecular cloud and that are too
young to have experienced significant gravitational perturba-
tions from their environment. The members of YMGs share
similar galactic velocities within a few km s−1. The closest
and youngest moving groups include the TW Hydrae asso-
ciation (TWA; 5–15 Myr; de la Reza et al. 1989; Kastner
et al. 1997; Zuckerman & Song 2004; Weinberger et al. 2013),
β Pictoris (βPMG; 20–26 Myr; Zuckerman et al. 2001a; Malo
et al. 2014b; Binks & Jeffries 2014), Tucana-Horologium
(THA; 20–40 Myr; Torres et al. 2000; Zuckerman & Webb
2000; Zuckerman et al. 2001b; Kraus et al. 2014b), Ca-
rina (CAR; 20–40 Myr; Torres et al. 2008), Columba (COL;
20–40 Myr; Torres et al. 2008), Argus (ARG; 30–50 Myr;
Makarov & Urban 2000) and AB Doradus (ABDMG; 110–
130 Myr; Zuckerman et al. 2004; Luhman et al. 2005; Baren-
feld et al. 2013). The YMGs are ideal laboratories to mea-
sure fundamental properties of star formation such as the ini-
tial mass function (IMF) because their members are coeval.
This is of particular interest in the case of very low-mass stars
and substellar-mass objects (spectral types ≥M5) since these
populations are still poorly characterized. The massive, bright
population of YMGs has already been explored, thanks to the
Hipparcos survey (Perryman et al. 1997). However, fainter
members are hard to identify mainly because of the lack of
radial velocity (RV) and trigonometric distance measurements
that are necessary to obtain their spacial velocities and galac-
tic positions. Several efforts have been made to identify the
very low-mass members of YMGs (Kiss et al. 2011; Schlieder
et al. 2012b; Shkolnik et al. 2012; Faherty et al. 2012, 2013;
Rodriguez et al. 2013; Liu et al. 2013b; Malo et al. 2014a;
Kraus et al. 2014b; Riedel et al. 2014; Murphy & Lawson
2015); however, as of today it is likely that most of them still
remain to be identified.
The Bayesian Analysis for Nearby Young AssociatioNs
tool1 (BANYAN; Malo et al. 2013), which is based on naive
1 Publicly available at http://www.astro.umontreal.ca/
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Bayesian inference, identified promising candidate members
of YMGs among a sample of low-mass stars that do not have
prior RV or parallax measurements. The BANYAN II tool2
(Gagné et al. 2014c; Paper II hereafter) was subsequently de-
veloped to identify substellar candidate members with a sim-
ilar but improved algorithm. BANYAN II is an expansion on
BANYAN I that is focused on very-low mass stars and brown
dwarfs (BDs) with spectral types≥M5. The BANYAN All-Sky
Survey (BASS; Gagné et al. 2015; Paper V hereafter) was ini-
tiated by our team to search for the elusive late-type (≥M5)
members of YMGs, using the BANYAN II tool on an all-
sky cross-match of the Two Micron All-Sky Survey (2MASS;
Skrutskie et al. 2006) with the AllWISE survey (Kirkpatrick
et al. 2014). The AllWISE survey is based on a combination
of the cryogenic phase of the Wide-Field Survey Explorer mis-
sion (WISE; Wright et al. 2010) and the Near-Earth Object
WISE (NEOWISE; Mainzer et al. 2011) post-cryogenic phase.
We present here the results of a near-infrared (NIR) spectro-
scopic follow-up survey of substellar candidate members of
YMGs identified in BASS. In Section 2, we summarize BASS
and the method that we used to build the sample of candi-
date members from a cross-match of 2MASS and AllWISE.
We detail our NIR spectroscopic follow-up and its motivation
in Section 3. In Section 4, we present our method to assign
a spectral and gravity classification. We present the resulting
spectral types and updated YMG membership probability for
our sample in Section 5. In Section 6, we use new discov-
eries presented here and other known low-gravity BDs and
low-mass stars to build empirical photometric sequences, and
we then investigate the physical properties of young BDs. We
summarize and conclude in Section 7.
2. THE BASS SURVEY
BASS is a systematic all-sky search for later-than-M5 candi-
date members to nearby YMGs that was the focus of an earlier
publication (Gagné et al. 2015). In this work, we undertake a
spectroscopic follow-up of the BASS sample, which we briefly
summarize in this section. We refer the reader to (Gagné et al.
2015) for an extensive description of the BASS survey.
We cross-matched the 2MASS and AllWISE catalogs out-
side of the galactic plane and crowded regions (≥ 2.5 objects
per square arcminute) using a cross-match radius of 25" and
applied color, confusion and photometric quality cuts to pro-
duce a starting sample of 98 970 targets with NIR colors con-
sistent with ≥M5 spectral types and proper motion measure-
ments larger than 30 masyr−1 at ≥ 5σ (see Gagné et al. 2015
for the detailed cross-match and selection algorithm). As-
trometry provided in the 2MASS and AllWISE catalogs as well
as the mean epochs of observation for both surveys (JD key-
word in 2MASS; W1MJDMEAN keyword in AllWISE) were
used to calculate proper motions. We used W1MJDMAX-
W1MJDMIN as a conservative measurement error on the
AllWISE astrometric epoch, which typically corresponds to
∼ 6 months to one year, compared to a ∼ 11 yr baseline be-
tween 2MASS and AllWISE. This uncertainty as well as those
on astrometric measurements themselves were propagated to
the proper motion measurement errors. We obtain a typical
proper motion precision of ∼ 15 masyr−1.
We used the BANYAN II tool to select only objects that
have a Bayesian probability> 10% of belonging to any YMG
~malo/banyan.php
2 Publicly available at http://www.astro.umontreal.ca/
~gagne/banyanII.php
considered here (this threshold ensures that known bona fide
members are recovered; see Paper V). The BANYAN II tool
takes the sky position, proper motion and J, H, KS, W1
and W2 photometry as input quantities. It then uses a naive
Bayesian classifier to compare those measurements with spa-
tial and kinematic models (SKMs) of YMGs, as well as with
old and young color-magnitude diagram (CMD) sequences in
both MW1(J −KS) and MW1(H −W2) spaces. Those CMD se-
quences were chosen because they were found as the most
efficient independent sequences to distinguish between young
and field M6–L4 dwarfs. Probabilities generated from a naive
Bayesian classifier can be biased when the input parameters
are not independent (which is the case here); however, the rel-
ative ranking of hypotheses for a given object overcomes this
bias (Hand & Yu 2001).
It is known that there is a large scatter in the NIR colors
of young BDs even though they are redder than field dwarfs
on average (e.g. Faherty et al. 2012). The inclusion of the
CMD sequences described above in BANYAN II will system-
atically bias our sample towards red NIR colors, and decrease
our sample completeness for YMG members that are not es-
pecially red. However, this effect is likely less important than
the color criteria that were applied in selecting the 98 970 ob-
jects that were input to BANYAN II. Furthermore, a total of
only two independent photometric observables (correspond-
ing to the color-magnitude diagrams) are used in BANYAN II,
compared to four kinematics observables when no RV or par-
allax is available; the relative weight of kinematics is thus
twice that of photometry in the calculation of probabilities.
Parallax motion was not accounted for in our proper motion
measurements or in the BANYAN II tool; the maximal rela-
tive importance of this effect will become as large as our typi-
cal 2MASS–AllWISE proper motion precision only for objects
closer than ∼ 10 pc (considering the 11 yr baseline between
2MASS and AllWISE). This correction will properly be ac-
counted for in a future version of the BANYAN II tool.
We performed a Monte Carlo simulation based on the Be-
sançon galactic model (A. C. Robin et al. in preparation,
Robin et al. 2012) and the SKMs of YMGs to obtain a field
contamination probability for each individual target in our
sample, which allows for a more absolute interpretation in
terms of the expected contamination fraction. We used the
results of this simulation to reject any candidate member with
a > 50% probability of being a field contaminant. Note that
the contamination probability from this Monte Carlo analy-
sis is not necessarily complementary with the YMG Bayesian
probability (see Paper V for more detail). We refer the reader
to Paper V for an extensive description of all filters that were
used to build the BASS sample (e.g., minimal proper motion,
color and quality filters, etc.).
There are three samples that are referred to in this Paper:
(1) PRE-BASS consists of targets that were initially selected
as potential members and followed up with spectroscopy, but
that were later rejected as we modified our selection criteria to
reject contaminants; (2) Low-Priority BASS (LP-BASS) con-
sists of targets that have NIR colors only slightly redder than
field dwarfs; and (3) BASS is the final sample presented in Pa-
per V that contains targets at least 1σ redder than field dwarfs
and that has a lower fraction of contaminants. As discussed in
Paper V, the statistical distance associated with the most prob-
able YMG of a candidate member can be used to place it in
two CMDs (MW1 versus J −KS and H −W2) and compare its
position to known field and young BDs and low-mass stars.
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TABLE 1
OBSERVING LOG.
2MASS Observing Telescope Instrument Slit Resolving Tot. Exp. Num.
Designation J Date (UT) Width (") Power Time (s) Exposures
Candidate Members from BASS or LP-BASS
00011217+1535355 15.52 2014 Aug 06 Magellan FIRE 0.6 450 720 6
00065794-6436542 13.39 2014 Jan 16 Gemini-South Flamingos-2 0.72 500 840 4
00182834-6703130 15.46 2013 Sep 28 Gemini-South Flamingos-2 0.72 500 2000 8
00191296-6226005 15.64 2013 Oct 29 Gemini-South Flamingos-2 0.72 500 6200 20
00192626+4614078 12.60 2012 Oct 26 IRTF SpeX 0.8 750 1200 8
00274534-0806046 11.57 2013 Oct 02 Gemini-South Flamingos-2 0.72 500 240 8
00344300-4102266 15.71 2014 Oct 12 Gemini-South Flamingos-2 0.72 500 8575 35
00381489-6403529 14.52 2014 May 31 Gemini-South Flamingos-2 0.72 500 2080 8
00390342+1330170 A & B 10.94 2013 Jul 31 IRTF SpeX 0.8 750 900 6
00413538-5621127 11.96 2013 Nov 25 & 2014 Jan 21 Gemini-South Flamingos-2 0.72 500 360 12
00464841+0715177 13.89 2013 Aug 11 IRTF SpeX 0.8 750 1600 8
00514561-6227073 12.58 2014 Jan 16 Gemini-South Flamingos-2 0.72 500 1680 8
00584253-0651239 14.31 2013 Aug 11 IRTF SpeX 0.8 750 1600 8
01205114-5200349 15.64 2013 Sep 27 Gemini-South Flamingos-2 0.72 500 6200 20
01265327-5505506 12.04 2014 Jan 21 Gemini-South Flamingos-2 0.72 500 240 8
01294256-0823580 10.65 2013 Oct 02 Gemini-South Flamingos-2 0.72 500 240 8
01344601-5707564 12.07 2013 Nov 25 Gemini-South Flamingos-2 0.72 500 240 8
01484859-5201158 10.87 2013 Oct 02 Gemini-South Flamingos-2 0.72 500 240 8
01531463-6744181 16.41 2013 Apr 21 Magellan FIRE 0.6 6000 1500 2
02103857-3015313 15.07 2013 Dec 16 Gemini-South Flamingos-2 0.72 500 1680 8
02265658-5327032 15.40 2013 Oct 02 Gemini-South Flamingos-2 0.72 500 2400 8
02282694+0218331 12.12 2013 Oct 18 Gemini-South Flamingos-2 0.72 500 240 8
02404759-4253377 12.20 2013 Oct 28 Gemini-South Flamingos-2 0.72 500 240 8
02410564-5511466 15.39 2014 Dec 10, 12 & 15 Gemini-South Flamingos-2 0.72 500 10605 42
02441019-3548036 15.34 2013 Oct 19 Gemini-South Flamingos-2 0.72 500 5280 16
02501167-0151295 12.89 2014 Aug 02 & 03 Gemini-South Flamingos-2 0.72 500 2920 16
02534448-7959133 11.34 2013 Oct 27 Gemini-South Flamingos-2 0.72 500 240 8
02583123-1520536 15.91 2013 Dec 12 Magellan FIRE 0.6 6000 1310 2
03093877-3014352 11.58 2013 Oct 19 Gemini-South Flamingos-2 0.72 500 240 8
03132588-2447246 12.53 2013 Dec 16 Gemini-South Flamingos-2 0.72 500 240 8
03182597-3708118 13.37 2013 Oct 28 Gemini-South Flamingos-2 0.72 500 1680 8
03204919-3313400 12.54 2013 Oct 15 Gemini-South Flamingos-2 0.72 500 240 8
03224622-7940595 12.22 2013 Oct 19 Gemini-South Flamingos-2 0.72 500 240 8
03264225-2102057 16.13 2007 Nov 13 IRTF SpeX 0.5 150 180 6
03333313-3215181 13.17 2013 Aug 11 IRTF SpeX 0.8 750 1200 8
03363144-2619578 10.68 2012 Feb 05 IRTF SpeX 0.8 750 600 4
03370359-1758079 15.62 2011 Dec 08 IRTF SpeX 0.5 150 1440 8
03370362-3709236 12.75 2013 Aug 11 IRTF SpeX 0.8 750 1200 8
03390160-2434059 10.90 2012 Feb 05 IRTF SpeX 0.8 750 600 4
03420931-2904317 15.92 2013 Apr 21 Magellan FIRE 0.6 6000 1204 2
03550477-1032415 13.08 2013 Oct 20 Gemini-South Flamingos-2 0.72 500 1680 8
03552337+1133437 14.05 2013 Feb 16 IRTF SpeX 0.8 750 1440 8
03582255-4116060 15.85 2011 Dec 08 IRTF SpeX 0.5 150 1440 8
04185879-4507413 16.16 2014 Dec 10 & 15 Gemini-South Flamingos-2 0.72 500 7820 31
04231498-1533245 12.54 2014 Sep 16 Gemini-South Flamingos-2 0.72 500 3240 27
04400972-5126544 15.69 2013 Oct 27 Gemini-South Flamingos-2 0.72 500 5600 20
04433761+0002051 12.51 2012 Feb 05 IRTF SpeX 0.8 750 600 4
04532647-1751543 15.14 2012 Feb 05 IRTF SpeX 0.8 750 1800 12
04584239-3002061 13.50 2015 Feb 03 IRTF SpeX 0.8 90 800 16
05002100+0330501 13.67 2015 Feb 02 IRTF SpeX 0.8 750 1000 4
05012406-0010452 14.98 2013 Feb 16 IRTF SpeX 0.8 750 2880 16
05104958-1843548 15.35 2015 Feb 03 IRTF SpeX 0.8 90 2000 10
05123569-3041067 11.90 2013 Oct 08 & 20 Gemini-South Flamingos-2 0.72 500 480 16
05181131-3101529 11.88 2012 Feb 05 IRTF SpeX 0.8 750 600 4
05264316-1824315 12.36 2013 Feb 19 IRTF SpeX 0.8 750 800 4
05361998-1920396 15.77 2012 Oct 26 IRTF SpeX 0.8 750 150 1
06022216+6336391 14.27 2008 Jan 08 IRTF SpeX 0.6 120 540 6
06272161-5308428 16.39 2015 Jan 23 Gemini-South Flamingos-2 0.72 500 4800 16
07140394+3702459 11.98 2015 Feb 03 IRTF SpeX 0.8 90 300 8
08095903+4434216 16.44 2008 Jan 12 IRTF SpeX 0.6 120 1500 10
09532126-1014205 13.47 2014 Jan 22 IRTF SpeX 0.8 750 2000 8
10212570-2830427 16.91 2015 Feb 13 & 26 Gemini-South Flamingos-2 0.72 500 6300 21
10284580-2830374 10.95 2012 May 12 IRTF SpeX 0.8 750 1200 8
10455263-2819303 12.82 2012 May 12 IRTF SpeX 0.8 750 1200 8
10513331-1916530 14.69 2014 Jan 22 IRTF SpeX 0.8 750 4000 16
11064461-3715115 14.49 2012 May 12 IRTF SpeX 0.8 750 2400 16
11271382-3735076 16.47 2015 Feb 09 Magellan FIRE 0.6 450 480 4
11480096-2836488 16.11 2015 Feb 13 Gemini-South Flamingos-2 0.72 500 4800 16
12073346-3932539 12.99 2012 May 12 IRTF SpeX 0.8 95 1200 8
12074836-3900043 15.49 2013 May 10 IRTF SpeX 0.8 750 800 4
12214223-4012050 16.47 2015 Feb 08 Magellan FIRE 0.6 450 1080 9
12310489-3801065 14.68 2015 Feb 08 Magellan FIRE 0.6 450 240 2
12474428-3816464 14.78 2013 May 10 IRTF SpeX 0.8 750 720 4
12535039-4211215 16.00 2015 Apr 06 Gemini-South Flamingos-2 0.72 500 2400 16
12563961-2718455 16.42 2014 May 12 Magellan FIRE 0.6 6000 1800 2
12574463-3635431 14.57 2014 Aug 03 Gemini-South Flamingos-2 0.72 500 7595 31
12574941-4111373 13.02 2014 Feb 14 Gemini-South Flamingos-2 0.72 500 400 8
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TABLE 1 — Continued
2MASS Observing Telescope Instrument Slit Resolving Tot. Exp. Num.
Designation J Date (UT) Width (") Power Time (s) Exposures
13262009-2729370 15.85 2009 Jun 30 IRTF SpeX 0.6 120 1200 8
14252798-3650229 13.75 2010 Jul 07 IRTF SpeX 0.6 120 720 6
19350976-6200473 16.25 2014 Jul 21 & Aug 03 Gemini-South Flamingos-2 0.72 500 6060 24
19395435-5216468 14.66 2014 Jun 18 Magellan FIRE 0.6 450 360 4
20004841-7523070 12.73 2014 Aug 04 Gemini-South Flamingos-2 0.72 500 1920 16
20113196-5048112 16.42 2014 Jun 18 Magellan FIRE 0.6 450 480 4
20224803-5645567 11.76 2013 Oct 09 Gemini-South Flamingos-2 0.72 500 240 8
20282203-5637024 13.84 2014 May 28 Gemini-South Flamingos-2 0.72 500 800 8
20334473-5635338 15.72 2015 Apr 13 Gemini-South Flamingos-2 0.72 500 3200 24
20334670-3733443 10.85 2013 Oct 09 Gemini-South Flamingos-2 0.72 500 240 8
20414283-3506442 14.89 2014 May 28 Gemini-South Flamingos-2 0.72 500 2480 8
20484222-5127435 15.38 2014 Jun 02 Gemini-South Flamingos-2 0.72 500 6000 24
20505221-3639552 13.00 2014 Jul 29 Gemini-South Flamingos-2 0.72 500 7560 42
21121598-8128452 10.67 2013 Oct 20 Gemini-South Flamingos-2 0.72 500 240 8
21144103-4339531 13.02 2013 Aug 20 IRTF SpeX 0.8 750 1500 10
21490499-6413039 10.35 2013 Oct 30 Gemini-South Flamingos-2 0.72 500 240 8
21543454-1055308 16.44 2008 Sep 17 IRTF SpeX 0.5 120 1800 10
21544859-7459134 14.29 2013 Oct 28 Gemini-South Flamingos-2 0.72 500 2400 8
22021125-1109461 12.36 2013 Aug 11 IRTF SpeX 0.8 750 1950 13
22025794-5605087 14.36 2014 Jun 02 Gemini-South Flamingos-2 0.72 500 1360 8
22064498-4217208 15.56 2013 Aug 01 IRTF SpeX 0.8 750 450 3
22191486-6828018 13.92 2014 Jul 21 & Aug 02 Gemini-South Flamingos-2 0.72 500 6240 24
22351658-3844154 15.18 2013 Sep 27 Gemini-South Flamingos-2 0.72 500 4480 16
22353560-5906306 14.28 2014 Jul 10 Gemini-South Flamingos-2 0.72 500 640 4
22400144+0532162 11.72 2013 Aug 20 IRTF SpeX 0.8 750 1500 10
22444835-6650032 11.03 2013 Oct 30 Gemini-South Flamingos-2 0.72 500 240 8
22511530-6811216 12.10 2013 Oct 28 Gemini-South Flamingos-2 0.72 500 240 8
23102196-0748531 11.60 2013 Jul 31 IRTF SpeX 0.8 750 900 6
23130558-6127077 10.93 2013 Oct 21 Gemini-South Flamingos-2 0.72 500 240 8
23143092-5405313 11.50 2013 Oct 21 Gemini-South Flamingos-2 0.72 500 240 8
23155665-4747315 16.08 2014 Jun 19 Magellan FIRE 0.6 450 600 5
23225240-6151114 11.53 2013 Oct 20 Gemini-South Flamingos-2 0.72 500 240 8
23225299-6151275 15.55 2013 Oct 21 Gemini-South Flamingos-2 0.72 500 1680 8
23255604-0259508 15.96 2013 Aug 01 IRTF SpeX 0.8 750 450 3
23270843+3858234 11.74 2013 Jul 31 IRTF SpeX 0.8 750 1200 8
23290437+0329113 11.11 2012 Oct 26 IRTF SpeX 0.8 95 800 8
23310161-0406193 12.94 2014 Jul 21 & Aug 02 Gemini-South Flamingos-2 0.72 500 1920 16
23353085-1908389 11.51 2013 Jul 31 IRTF SpeX 0.8 750 900 6
23355015-3401477 11.64 2013 Oct 28 Gemini-South Flamingos-2 0.72 500 240 8
23360735-3541489 14.65 2014 Jul 10 Gemini-South Flamingos-2 0.72 500 760 4
23433470-3646021 16.57 2014 Jun 19 Magellan FIRE 0.6 450 480 4
23520507-1100435 12.84 2010 Jul 07 IRTF SpeX 0.6 120 540 12
23532556-1844402 A & B 11.24 2012 Oct 26 IRTF SpeX 0.8 750 1040 13
Candidate Members from PRE-BASS
00020382+0408129 A & B 10.40 2013 Jul 31 IRTF SpeX 0.8 750 1200 8
00045753-1709369 11.00 2013 Nov 25 Gemini-South Flamingos-2 0.72 500 240 8
00171571-3219539 10.64 2013 Nov 25 Gemini-South Flamingos-2 0.72 500 240 8
00174858-0316334 13.23 2013 Aug 11 IRTF SpeX 0.8 750 1200 8
00210589-4244433 13.52 2013 Aug 01 IRTF SpeX 0.8 750 1200 8
00425923+1142104 14.75 2013 Aug 11 IRTF SpeX 0.8 750 3200 16
00461551+0252004 14.40 2013 Aug 01 IRTF SpeX 0.8 750 1800 12
01035369-2805518 A & B 11.66 2012 Oct 26 IRTF SpeX 0.8 750 1200 8
02590146-4232204 12.24 2013 Oct 02 Gemini-South Flamingos-2 0.72 500 240 8
03005033-5459267 12.42 2013 Nov 25 Gemini-South Flamingos-2 0.72 500 240 8
03111547+0106307 10.68 2013 Oct 19 Gemini-South Flamingos-2 0.72 500 240 8
03140344+1603056 12.53 2013 Feb 16 IRTF SpeX 0.8 750 1200 8
03263956-0617586 12.96 2013 Feb 18 IRTF SpeX 0.8 750 1500 6
03350208+2342356 12.25 2012 Feb 05 IRTF SpeX 0.8 750 600 4
03442859+0716100 A & B 12.72 2012 Oct 26 IRTF SpeX 0.8 750 1200 8
04044052+2616275 A & B 12.65 2012 Oct 26 IRTF SpeX 0.8 750 1200 8
04070752+1546457 15.48 2012 Feb 05 IRTF SpeX 0.8 750 3600 12
04173836-1140256 11.75 2013 Dec 04 Gemini-South Flamingos-2 0.72 500 240 8
04281061+1839021 13.38 2012 Oct 26 IRTF SpeX 0.8 750 1200 8
04402583-1820414 12.65 2013 Dec 16 Gemini-South Flamingos-2 0.72 500 480 8
04493288+1607226 14.27 2012 Feb 05 IRTF SpeX 0.8 750 600 4
05071137+1430013 A & B 10.57 2013 Feb 16 IRTF SpeX 0.8 750 600 4
05201794+0511521 13.04 2012 Oct 26 IRTF SpeX 0.8 750 1200 8
05243009+0640349 11.98 2013 Feb 19 IRTF SpeX 0.8 750 800 4
05271676+0007526 A & B 12.17 2013 Feb 16 IRTF SpeX 0.8 750 1200 8
05370704-0623170 15.70 2013 Oct 21 Gemini-South Flamingos-2 0.72 500 1680 8
05402325-0906326 14.59 2013 Oct 19 & 21 Gemini-South Flamingos-2 0.72 500 3120 24
05404919-0923192 11.31 2014 Jan 16 Gemini-South Flamingos-2 0.72 500 240 8
05410983-0737392 13.46 2013 Feb 19 IRTF SpeX 0.8 750 600 4
05415929-0217020 13.22 2013 Dec 23 Gemini-South Flamingos-2 0.72 500 240 8
05431887+6422528 13.57 2008 Jan 09 IRTF SpeX 0.6 120 360 4
05451198-0121021 13.83 2013 Nov 24 & Dec 26 Gemini-South Flamingos-2 0.72 500 3360 16
05484454-2942551 10.56 2013 Feb 18 IRTF SpeX 0.8 750 150 1
06021735-1413467 14.34 2013 Feb 19 IRTF SpeX 0.8 750 1000 4
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TABLE 1 — Continued
2MASS Observing Telescope Instrument Slit Resolving Tot. Exp. Num.
Designation J Date (UT) Width (") Power Time (s) Exposures
06353541-6234059 12.42 2013 Oct 20 Gemini-South Flamingos-2 0.72 500 240 8
06494706-3823284 11.65 2013 Nov 02 & 20 Gemini-South Flamingos-2 0.72 500 120 4
07083261-4701475 14.16 2013 Oct 29 Gemini-South Flamingos-2 0.72 500 1680 8
07200325-0846499 10.63 2014 Jan 22 IRTF SpeX 0.8 750 480 8
07202582-5617224 12.88 2013 Oct 21 Gemini-South Flamingos-2 0.72 500 1680 8
07525247-7947386 12.83 2013 Oct 28 & 2014 Jan 17 Gemini-South Flamingos-2 0.72 500 2520 12
07583046+1530004 10.43 2012 Oct 26 IRTF SpeX 0.8 750 800 4
07583098+1530146 A & B 9.97 2012 Oct 26 IRTF SpeX 0.8 750 800 4
08034469+0827000 11.83 2013 Feb 15 IRTF SpeX 0.8 750 900 6
08045433-6346180 9.93 2013 Nov 02 Gemini-South Flamingos-2 0.72 500 240 8
08055944+2505028 A & B 11.53 2013 Feb 16 IRTF SpeX 0.8 750 900 6
08141769+0253199 11.52 2012 Oct 26 IRTF SpeX 0.8 750 800 4
08194309-7401232 10.06 2013 Oct 20 & 25 Gemini-South Flamingos-2 0.72 500 240 8
08194351-0450071 14.82 2014 Jan 17 Gemini-South Flamingos-2 0.72 500 1680 8
08204440-7514571 16.59 2013 Apr 21 Magellan FIRE 0.6 6000 1500 2
08254335-0029110 15.45 2013 Apr 21 Magellan FIRE 0.6 6000 1310 2
08255896+0340198 10.01 2013 Feb 18 IRTF SpeX 0.8 750 300 2
08540240-3051366 9.01 2013 Nov 20 Gemini-South Flamingos-2 0.72 500 240 8
08561384-1342242 13.60 2012 May 12 IRTF SpeX 0.8 750 1200 8
09104094-7552528 13.62 2014 Feb 07 Gemini-South Flamingos-2 0.72 500 560 8
09451445-7753150 13.89 2014 Feb 15 Gemini-South Flamingos-2 0.72 500 800 8
09510459+3558098 10.58 2013 Feb 18 IRTF SpeX 0.8 750 300 2
10051641+1703264 11.13 2013 Feb 16 IRTF SpeX 0.8 750 600 4
10130718-1706349 A & B 12.79 2013 Feb 16 IRTF SpeX 0.8 750 1200 8
10352029-2058382 11.66 2014 Jan 22 IRTF SpeX 0.8 750 600 4
11014673-7735144 15.97 2014 Feb 16 Gemini-South Flamingos-2 0.72 500 8320 32
11083081+6830169 13.12 2009 Mar 04 Palomar TripleSpec 1.0 2700 1200 4
11195251-3917150 13.13 2014 Jan 22 IRTF SpeX 0.8 95 1200 8
11335700-7807240 13.20 2014 Feb 15 Gemini-South Flamingos-2 0.72 500 400 8
11532691-3015414 12.31 2014 Jan 22 IRTF SpeX 0.8 750 900 6
11544223-3400390 14.19 2008 Jan 09 IRTF SpeX 0.6 120 480 4
11560224-4043248 16.00 2014 Feb 17 Gemini-South Flamingos-2 0.72 500 8000 32
12002750-3405371 9.61 2014 Mar 17 Gemini-South Flamingos-2 0.72 500 1600 32
12042529-2806364 16.11 2014 Mar 17 & 20 Gemini-South Flamingos-2 0.72 500 16000 64
12212770+0257198 13.17 2014 Feb 14 Gemini-South Flamingos-2 0.72 500 400 8
12265135-3316124 10.69 2012 May 12 IRTF SpeX 0.8 750 1200 8
12271545-0636458 14.19 2014 Feb 14 Gemini-South Flamingos-2 0.72 500 1040 8
12492353-2035592 9.32 2014 Feb 16 Gemini-South Flamingos-2 0.72 500 400 8
12521062-3415091 11.65 2013 May 27 Gemini-North GNIRS 0.675 800 120 4
13015465-1510223 14.54 2013 Aug 20 IRTF SpeX 0.8 750 1500 6
13252237+0600290 12.25 2012 May 12 IRTF SpeX 0.8 750 1200 8
13582164-0046262 10.81 2012 May 12 IRTF SpeX 0.8 750 1200 8
14112131-2119503 12.44 2012 May 12 IRTF SpeX 0.8 750 1200 8
15104786-2818174 12.84 2014 Feb 14 Gemini-South Flamingos-2 0.72 500 360 8
15291017+6312539 11.64 2013 Aug 20 IRTF SpeX 0.8 750 800 8
15424676-3358082 17.02 2014 Jun 01 Gemini-South Flamingos-2 0.72 500 16000 64
15470557-1626303 A & B 13.86 2013 Aug 11 IRTF SpeX 0.8 750 1800 12
16210134-2346554 15.16 2013 Aug 20 IRTF SpeX 0.8 750 2400 12
16221255-2346418 10.90 2013 Aug 11 IRTF SpeX 0.8 750 2400 12
16232017-2353248 13.38 2012 May 12 IRTF SpeX 0.8 750 1200 8
16251377-2358021 13.75 2013 May 17 Gemini-North GNIRS 0.675 800 360 4
16272178-2411060 13.98 2013 May 17 Gemini-North GNIRS 0.675 800 360 4
16330142-2425083 16.16 2013 Aug 11 IRTF SpeX 0.8 95 1200 8
16422788-1942350 15.23 2014 Jun 18 Magellan FIRE 0.6 450 480 4
17065487-1314396 14.52 2013 Aug 20 IRTF SpeX 0.8 750 2400 12
18393308+2952164 11.01 2013 Aug 11 IRTF SpeX 0.8 750 600 4
18460473+5246027 A & B 11.03 2013 Aug 11 IRTF SpeX 0.8 750 300 2
18462188-5706040 15.06 2014 May 28 Gemini-South Flamingos-2 0.72 500 1680 8
19033113-3723302 13.41 2013 Sep 28 Gemini-South Flamingos-2 0.72 500 1680 8
19480544+5944412 A & B 11.49 2013 Aug 20 IRTF SpeX 0.8 750 600 4
20025265-1316418 14.48 2013 Aug 11 IRTF SpeX 0.8 750 1600 8
20050639-6258034 11.75 2013 Oct 20 Gemini-South Flamingos-2 0.72 500 240 8
20385687-4118285 11.66 2013 Nov 26 Gemini-South Flamingos-2 0.72 500 240 8
20391314-1126531 13.79 2013 Aug 01 IRTF SpeX 0.8 750 1200 8
20482880-3255434 14.71 2013 Aug 11 IRTF SpeX 0.8 750 2800 14
21272613-4215183 13.32 2008 Jul 14 IRTF SpeX 0.6 120 240 4
21342814-1840298 11.04 2013 Oct 09 Gemini-South Flamingos-2 0.72 500 240 8
21484123-4736506 10.97 2013 Oct 20 Gemini-South Flamingos-2 0.72 500 240 8
22062157-6116284 16.61 2014 May 15 Magellan FIRE 0.6 450 240 2
22444905-3045535 14.65 2013 Aug 01 IRTF SpeX 0.8 750 450 3
22573768-5041516 14.96 2014 Jul 17 Gemini-South Flamingos-2 0.72 500 5280 16
23231347-0244360 13.58 2008 Nov 03 IRTF SpeX 0.6 120 720 8
23453903+0055137 13.77 2008 Jul 14 IRTF SpeX 0.6 120 270 6
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All candidate members that were placed blueward of the
field sequence in any of the two CMDs were rejected from
BASS and LP-BASS. Those that were not at least 1σ redder
than both field sequences were grouped into the LP-BASS
sample, which is expected to be more contaminated by field
objects and young M dwarfs with spectral types earlier than
M5. We note that the PRE-BASS sample does not necessar-
ily consist of erroneous YMG candidate members; however,
it likely suffers from a higher contamination rate from field
interlopers or members of moving groups not considered in
BANYAN II.
3. OBSERVATIONS
Because of their recent formation, young, low-mass objects
have inflated radii compared to their field counterparts and
are warmer for a given mass. As a consequence, they have
a lower surface gravity at a given temperature (and spectral
type). It is well known that these low-gravity dwarfs display
weaker alkali and molecular absorption lines (K I at 7665 &
7669 Å in the optical and 1.17 & 1.25µm in the NIR; Na I at
8183 & 8195 Å in the optical and 1.14 & 2.21µm in the NIR;
Rb I at 7800 & 7948 Å; Cs I at 8521 & 8943 Å; FeH at 8692 Å
in the optical and 0.99, 1.20 & 1.55µm in the NIR; TiO at
8432 Å; and CrH at 8611 Å). This is due to a lower-pressure
in their photosphere, which is a direct consequence of their
lower surface gravity. Collision-induced absorption (CIA) of
the H2 molecule is also decreased in this lower pressure en-
vironment, causing a flatter K-band plateau at 2.18–2.28µm
(see the H2(K) index of Canty et al. 2013), leaving the effect
of water vapor to become apparent from the triangular-shaped
continuum of the H band (Lucas et al. 2001; Kirkpatrick et al.
2006; Allers et al. 2007; Rice et al. 2010; see the H-cont
index of Allers & Liu 2013). Furthermore, VO condensate
clouds get thicker in the external layers of low-pressure atmo-
spheres, causing deeper absorption bands at 7300-7550 and
7850–8000 Å in the optical and 1.06µm in the NIR (These ef-
fects are discussed in more detail by Gorlova et al. 2003; Mc-
Govern et al. 2004; Kirkpatrick et al. 2006, 2008; Cruz et al.
2009; Allers & Liu 2013 and Canty et al. 2013). Gravity-
sensitive features were initially identified by comparing the
optical spectra of M-type giants and M-type dwarfs (Klein-
mann & Hall 1986; Joyce et al. 1998), and it was later demon-
strated that the same features could be used to identify young,
inflated M-type dwarfs by observing members of star-forming
regions (Martín et al. 1996; Luhman et al. 1997; Slesnick et al.
2004; Lucas et al. 2001; Allers et al. 2007; Lodieu et al. 2008).
A number of low-gravity features (CIA effects of H2 on
the continuum, weaker FeH absorption and stronger VO
absorption) can be measured in low-mass stars and BDs with
spectral types later than M6 using low-resolution (R ∼ 75)
NIR spectroscopy, providing an efficient way of identifying
field interlopers in a set of YMG candidates. A higher
spectral resolution (R ∼ 1000) allows for a more robust de-
termination of low gravity features through the measurement
of the pseudo-equivalent width (EW) of the atomic lines
listed above. We thus obtained low-resolution NIR spectra
of 241 candidate YMG members from the BASS, LP-BASS
and PRE-BASS samples. We describe in this section all
observations and the individual instrumental configurations
that were used. A description of individual observations is
included in Table 1.
3.1. FIRE at Magellan
We obtained NIR spectroscopy for 17 targets with the
Folded-port InfraRed Echellette (FIRE; Simcoe et al. 2008,
2013) at the Magellan Telescopes in April and December
2013, as well as May, June, August and September 2014
and February 2015. We used both the cross-dispersed and
high-throughput prism modes to obtain respective resolving
powers R ∼ 450 (prism mode) and R ∼ 6000 (echelle mode)
across the 0.8–2.45µm range. Total exposure times ranged
from 200 s to 1800 s, depending on source brightness, instru-
ment configuration and weather conditions. This allowed us
to obtain a typical S/N > 100 per resolution element. Science
targets were observed in an ABBA pattern along the slit, and
a standard A0-type star was observed immediately before or
after each of them at a similar airmass to ensure a proper tel-
luric correction. We obtained ThAr (prism mode) or NeNeAr
(echellette mode) lamp exposures between every science tar-
get to perform wavelength calibration, as well as high- and
low-illumination flat fields that were combined to obtain a
flat-field image with a large S/N across all orders while avoid-
ing saturation. We reduced all data using the Interactive Data
Language (IDL) pipeline FIREHOSE, which is based on the
MASE (Bochanski et al. 2009) and SpeXTool (Vacca et al.
2003; Cushing et al. 2004) packages. We supplemented the
list of Ar atomic lines with those listed in Norlén (1973) to
allow a more robust wavelength solution in the K band in the
case of prism data.
The six echellette spectra that we obtained here have a suf-
ficient resolution to measure radial velocities down to a preci-
sion down to a few km s−1. These measurements will be pre-
sented in a future publication along with a significant number
of additional FIRE echellette spectra.
3.2. SpeX at IRTF
We obtained NIR spectroscopy with SpeX (Rayner et al.
2003) at the IRTF telescope for 118 targets from 2007 to 2015.
We used the cross-dispersed and prism modes with slits of
0.′′6, 0.′′8 and 1.′′0 depending on the seeing to obtain resolv-
ing powers ranging from R ∼ 75 to R ∼ 750 over the 0.8–
2.45µm range. We used ABBA nodding patterns along the
slit with typical exposure times of 60 s to 250 s which yielded
typical S/N> 100 per resolution element. A standard early
A-type star was observed immediately before or after every
science target at a similar airmass to ensure a proper telluric
correction. Several high-S/N quartz lamp and Ar lamp expo-
sures were obtained immediately after every target to ensure
a proper wavelength calibration and flat field correction. The
data were reduced with the IDL SpeXTool package (Vacca
et al. 2003; Cushing et al. 2004).
3.3. Flamingos-2 at Gemini-South
We used Flamingos-2 (Eikenberry et al. 2004) at Gemini-
South to obtain NIR spectroscopy for 101 targets from 2013
to 2015. We observed each target with both the JH and HK
low resolution grisms and the 0.′′72 slit to obtain a resolving
power of R ∼ 500 over 0.9–2.4µm. Targets were observed
in an ABBA pattern along the slit, with total exposure times
ranging from 120 s to 3400 s, to obtain S/N> 80 per resolu-
tion element. Standard A0 to A6-type stars were observed
immediately before or after every science target at a similar
airmass to ensure a proper telluric correction. Several high-
S/N quartz lamp and Ar lamp exposures were obtained im-
mediately after every telluric standard star to ensure a proper
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(a) Intermediate-Gravity (β) Templates
(b) Very Low-Gravity (γ) Templates
FIG. 1.— NIR spectral average of templates of intermediate gravity (Panel a) and very low gravity (Panel b). All spectra were normalized to their median
across the full wavelength range in each band, resampled at the same resolution (R∼ 120) and shifted vertically for comparison purposes. The vertical color bars
indicate the location of gravity sensitive features.
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wavelength calibration and flat field correction. Dark expo-
sures were obtained at the end of each night, using similar
exposure times than all of the science and calibration data to
ensure a proper correction of the dark current. A numbers of
observations were split between a few nights when observ-
ing conditions changed before the required S/N could be ob-
tained.
We used a custom IDL pipeline to apply dark current sub-
traction and flat field calibrations, correct the trace curvature,
optimally extract the spectrum (Horne 1986) and perform a
wavelength calibration using the Ar lamp observations. A
dark current subtraction is usually not needed when data are
reduced in A−B pairs, like is the case here; however, we found
that applying this correction improved the quality of the data.
This is likely due to the large exposure times that were used
for some targets, which resulted in a large contribution from
the dark current that must be corrected both in the data and
flat field exposures before applying the flat field correction. A
low-pass filter was applied to the flat field exposures to avoid
contaminating data with scattered light. We observed that the
spectral dispersion (and thus wavelength solution) generally
varied from one exposure to another; the wavelength solutions
obtained from the Ar calibrations are hence only approximate.
To address this problem, we used several telluric absorption
features in the raw spectra of the science and telluric observa-
tions to refine individual wavelength solutions. The JH and
HK blocking filters also caused significant fringing in the data
(up to∼ 7%). We corrected this by adjusting a sinusoid fring-
ing solution to the low frequencies of the raw spectra. We
found that a complete fringing solution (which includes fi-
nesse as an additional parameter) did not improve the results;
we thus chose the simpler sinusoid approach to have a more
robust algorithm.
The extracted science and telluric spectra were combined
and telluric-corrected using a modified version of the SpeX-
tool package adapted for Flamingos-2. We observed that
the slope of the continuum in the overlapping region of
both observing modes (in the H band) varied in a sys-
tematic way at the edge of the detector. Hence, we re-
moved these regions before combining the spectra. A
few objects for which we obtained Flamingos-2 data (e.g.
2MASS J07083261–4701475, 2MASS 20414283–3506442
and 2MASS J12042529–2806364) turned out to be field
dwarfs that closely match literature SpeX-prism spectra of
other known objects of the same spectral type: this is an indi-
cation that the systematics mentioned above were accurately
corrected.
3.4. GNIRS at Gemini-North
We used GNIRS at Gemini-North to obtain NIR spec-
troscopy for three targets in 2013. We used the 32 l mm−1
grating centered at 1.65µm in the cross-dispersed mode with
the 0.′′675 slit to achieve a resolving power of R ∼ 750 over
0.9–2.45µm. We nodded exposures along the slit in ABBA
patterns with total exposure times ranging from 120 s to 360 s
to reach S/N> 100 per resolution element. A0-type telluric
standard stars were observed immediately before or after sci-
ence targets at a similar airmass to ensure a proper telluric
correction. Several high-S/N quartz lamp and Ar lamp expo-
sures were obtained immediately after every target to ensure
a proper wavelength calibration and flat field correction. The
data were reduced with the XDGNIRS IRAF package pro-
vided by Gemini.
3.5. TripleSpec at Hale
We used TripleSpec (Herter et al. 2008) at the Palomar Ob-
servatory 5 m Hale Telescope to obtain NIR spectroscopy for
one target in the cross-dispersed mode with the 1.′′0 slit, yield-
ing a resolving power R ∼ 3800 over 1.0–2.45µm. We ob-
served the science target in 4-position ABBA nodding pattern
along the slit with a total exposure time of 1200 s to reach a
S/N> 100 per resolution element. High-S/N quartz lamp and
NeAr lamp exposures were obtained to ensure a proper wave-
length calibration and flat field correction. We reduced the
data using an adapted version of SpeXtool (see Section 3.2).
4. SPECTRAL TYPES AND LOW-GRAVITY CLASSIFICATION
We describe in this section the method that we used to
assign spectral types to our new observations. Our typing
scheme consists of two distinct dimensions : the first di-
mension consists of the usual spectral subtypes and is mostly
sensitive to Teff. The second dimension, introduced by Kirk-
patrick (2005) and Kirkpatrick et al. (2006), aims at character-
izing the surface gravity with the use of a greek-letter suffix.
Field-gravity dwarfs are designated with the α suffix or no
suffix, intermediate-gravity dwarfs with the β suffix, and very
low-gravity dwarfs with the γ suffix. The δ suffix was also
introduced by Kirkpatrick et al. (2006) to designate objects
with an even younger age (typically less than a few Myrs) and
lower surface gravity than those associated to the γ suffix.
Optical spectral standards were used to classify NIR spec-
tra of field K7–M9 spectral types. We used the NIR data of
GJ 820 B (K7), Gl 229 A (M1), Gl 411 (M2), Gl 213 (M4),
Gl 51 (M5), Gl 406 (M6), GJ 644 C (M7), GJ 752 B (M8)
and LHS 2924 (M9) as field-gravity spectral standards for
these respective spectral types. These standards were iden-
tified from the list maintained by Eric Mamajek3 (Boeshaar,
P. C. 1976; Kirkpatrick et al. 1991; Pecaut & Mamajek 2013)
and their spectra were downloaded from the IRTF spectral li-
brary4. We did not use any of the suggested K8, K9, M0 and
M3-type standards, since none of them were available in the
IRTF spectral library.
While NIR L dwarfs spectral standards have been iden-
tified by Kirkpatrick et al. (2010), we have opted to use
optically-anchored NIR spectral average templates for clas-
sifying field L0–L9 dwarfs. Templates are constructed by
median-combining all spectra of a given optical spectral type
and gravity class. These templates were provided by K. Cruz
and their creation will be discussed in detail and be made pub-
lic as part of a forthcoming paper (Cruz et al. in preparation).
The spectral morphology of these templates is consistent with
the Kirkpatrick et al. (2010) spectral standards but since they
are an average of many objects, they also reflect the diversity
of spectral morphologies present in each spectral type.
Spectral standards have been determined for low-gravity M
and L dwarfs by Allers & Liu (2013), but we opted to use
spectral average templates in this case too, for the reasons
mentioned above. We generated M6–M9 γ templates with
data published in Allers & Liu (2013) and sent to us directly
by the authors. These templates are available at the Montreal
Spectral Library5. The optically-anchored L0β, L1β and L0–
L4 γ templates were provided by K. Cruz. They will be dis-
3 http://www.pas.rochester.edu/~emamajek/spt/
4 Maintained by Michael C. Cushing and available at http:
//irtfweb.ifa.hawaii.edu/~spex/IRTF_Spectral_
Library/.
5 www.astro.umontreal.ca/~gagne/MSL.php
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cussed in detail and be made public as part of a forthcoming
paper et al. (Cruz et al. in preparation).
All template, standard, and target spectra were re-sampled
to the same resolution and wavelength grid as SpeX prism ob-
servations with the 0.′′6 slit (R∼ 120). Following the method
of Cruz & Núñez (2012), the spectra were normalized in three
sections in order to minimize the effect of large NIR color
variations within a given spectral type. The spectra were
broken into three sections: 0.80–1.35µm, 1.40–1.80µm and
1.95–2.40µm, roughly corresponding to the zJ, H, and K
bands.
TABLE 2
AN EXTENDED SEQUENCE OF LOW-GRAVITY DWARFS.
Name Spectral Type
USco J160603.75–221930.0 L0 δ
USco J160727.82–223904.0 L0 δ
USco J160737.99–224247.0 L0 δ
USco J160818.43–223225.0 L0 δ
USco J160828.47–231510.4 L0 δ
USco J160843.44–224516.0 L0: δ
USco J160918.69–222923.7 L0 δ
USco J161228.95–215936.1 L0 δ
USco J161441.68–235105.9 L0 δ
USco J163919.15–253409.9 L0 δ
CD–35 2722 B L3β
2MASS J01531463–6744181 L3β
2MASS J17260007+1538190 L3β
2MASS J00011217+1535355 L4β
2MASS J05120636–2949540 L5β
2MASS J23174712–4838501 L5β
2MASS J03264225-2102057 L5β/γ
SIMP J21543454–1055308 L5β/γ
2MASS J03552337+1133437 J0355-type (L3–L6γ)
2MASS J16154255+4953211 J0355-type (L3–L6γ)
2MASS J23433470–3646021 J0355-type (L3–L6γ)
WISEP J004701.06+680352.1 J2244-type (L6–L8γ)
2MASS J22443167+2043433 J2244-type (L6–L8γ)
PSO J318.5338–22.8603 J2244-type (L6–L8γ)
NOTE. — All spectral types are from this work and are based on NIR spectra. A
: symbol indicates that the spectral type is based on low signal-to-noise data and is
uncertain (± 1), and a :: symbol that it is very uncertain (± 2 subtypes); pec indi-
cates peculiar features; β and γ respectively indicate intermediate gravity and very low
gravity.
In a first step to estimating a spectral type, we categorized
our 245 new spectra with the spectral template and standard
grid described above. There were 11 objects, however, that
did not have a good visual match to any standard or template
in the grid; this number excludes the early-type contaminants
which are discussed later in this work. We collected additional
low-gravity brown dwarf spectra in the literature to identify 19
more objects that do not match our standards.
We performed a visual analysis of all of the unclassifiable
spectra and identified enough objects with similar spectral
morphologies to create tentative new spectral types and tem-
plates for L0 δ, L3β, L4β and L5β. The objects that were
used in the creation of these templates are listed in Table 2.
We list the revised spectral types that we obtain for other spec-
tra from the literature in Table 3. We note that our L3β tem-
plate includes 2MASS J17260007+1538190, which was sug-
gested by Allers & Liu (2013) as a tentative template for the
L3β spectral type.
We could not build a template for the L2β spectral type,
as the only objects that were confirmed as L2β from optical
data have either very low signal-to-noise (S/N) ratios in the
NIR or no NIR data. As we gather more high-S/N spectra of
low-gravity L dwarfs, we expect to fill this gap.
The L0 δ template was built from eight candidate mem-
bers of Upper Scorpius (Lodieu et al. 2008) and one candi-
FIG. 2.— Distribution of the differences between our visual and index-
based spectral classifications, for young dwarfs and field objects. Spectral
types generally agree within one subtype, with a standard deviation of 0.7
subtypes and a reduced χ2 value of 0.8. This is indicative that our measure-
ment errors are representative of the observed differences between the two
methods. It can also be seen that most of the outliers in the distribution cor-
respond to objects with uncertain spectral types (i.e., measurement errors of
one subtype or more.)
date member of βPMG (2MASS 00464841+0715177) that
are similar to the L0 γ template except that their H band is
even more triangular and their K band has a redder contin-
uum. It is also notable that the H2O-dependent slope of the
L0 δ at 1.7–1.8µm is slightly steeper than what is seen in any
other L-type template.
TABLE 3
REVISED NIR SPECTRAL TYPES FROM THE LITERATURE.
Name Spectral Typea
Optical Ref. NIR Ref. Adopted
Low-gravity dwarfs
2MASS J21324036+1029494 · · · L4.5: 1 L4:β/γ
2MASS J14482563+1031590 L4: 2 L3.5 3 L5:β
WISE J174102.78–464225.5 · · · L7:: 4 L5:–L7:γ
G 196–3 B L3β 5 L3γ 6 L2–L4γ
2MASS J00303013–1450333 L7 7 L4.5:: 8 L4–L6β
2MASS J20025073–0521524 L6 9 L7:: 10 L5–L7γ
Red brown dwarfs with no clear signs of low gravity
2MASS J08354256-0819237 L5 11 L5 12 L4 pecb
2MASS J18212815+1414010 L4.5 pec 13 L5 pec 14 L4 pec
2MASS J21512543–2441000 L3 9 · · · L4 pec
2MASS J01033203+1935361 L6β 7,15 L6β 6 L6 pec
2MASS J01075242+0041563 L8 16 L8 pec 17 L7 pecb
2MASS J08251968+2115521 L7.5 7 L6 18 L7 pecb
2MASS J08575849+5708514 L8 5 L8± 1 19 L8–L9 pec
NOTE. — References to this Table :
(1) Chiu et al. 2006; (2) Reid et al. 2008; (3) Wilson et al. 2003; (4) Schneider et al.
2014; (5) Kirkpatrick et al. 2008; (6) Allers & Liu 2013; (7) Kirkpatrick et al. 2000;
(8) Burgasser et al. 2010; (9) Cruz et al. 2007; (10) Bardalez Gagliuffi et al. 2014;
(11) Cruz et al. 2003; (12) Marocco et al. 2013; (13) Looper et al. 2008b; (14) Kirk-
patrick et al. 2010; (15) Faherty et al. 2012; (16) Hawley et al. 2002; (17) Geissler et al.
2011; (18) Knapp et al. 2004; (19) Geballe et al. 2002.
a All revised spectral types are from this work and are based on NIR spectra.
b Candidate member of the ∼ 625 Myr-old Hyades association (Bannister & Jameson
2007).
There are two sets of objects with similar spectra, each
with three targets, that we identified via our visual anal-
ysis; however, we are unable to confidently assign them
a spectral type that fits into our grid of templates. For
the purposes of this paper, we label these objects as
J0355-type and J2244-type. One set is composed of
2MASS J03552337+1133437, 2MASS J16154255+4953211
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and 2MASS J23433470–3646021. Their spectra are sim-
ilar to the L4 γ template except that they have a shal-
lower CO band at 2.3µm. The other set is composed of
2MASS J00470038+6803543, PSO J318.5338–22.8603 and
2MASS J22443167+2043433. Their spectra display a sig-
nificantly redder continuum than our templates, which might
be indicative of a later spectral type. We note that two ob-
jects have previous classifications based on the index-based
scheme of Allers & Liu (2013): 2MASS J00470038+6803543
was classified as an intermediate-gravity L7 dwarf by Gizis
et al. (2015) and PSO J318.5338–22.8603 was classified as a
very low-gravity L7 dwarf by Liu et al. (2013b). We listed
these two sets of objects as well in Table 2.
We adopt a conservative estimate of L3–L6 γ for the spec-
tral type range of the J0355-type. The spectral features of
the J2244-type are indicative of a spectral type in the range
L6–L8 γ range. For both of these new spectral types, we re-
frain from assigning them a more precise location in the spec-
tral sequence until more data are available at these late low-
gravity types. It is unclear at this stage whether J0355-type
and J2244-type objects are peculiar or a simple extension of
low-gravity brown dwarfs at spectral types later than L5. A
larger number of late-type, low-gravity L dwarfs will need to
be identified before we can assess this. Our set of low-gravity
templates is displayed in Figure 1.
We used the index-based classification method of Allers
& Liu (2013) to corroborate our visual classification. This
method consists of measuring the slope of H2O continuum
features to assign a spectral type, and a combination of sev-
eral gravity-sensitive spectroscopic indices to assign a gravity
class. We found that spectral types obtained from the template
grid system described above generally agree with index-based
spectral types within one subtype (Figure 2). The standard
deviation between the two methods for the 163 non-peculiar
objects that we categorized is of 0.7 subtypes, with a reduced
χ2 value of 0.8. A reduced χ2 ≈ 1 indicates that measure-
ment errors are representative of the discrepancies. The re-
duced χ2 is given by 1/(N −1) ·∑y/σy, where N is the num-
ber of objects, y is the spectral type discrepancy and σy is
the quadrature sum of the index-based and visual-based spec-
tral type measurement errors. All cases discrepant by more
than 1.5 spectral types correspond to low-S/N data, except
for 2MASS J21420580–3101162 that gets L1.5±0.3 from the
index-based method and L3 from the visual-based method.
This object does not display signs of youth or significantly pe-
culiar features, but it has a slightly redder slope at 1.7–1.8µm.
It unclear what is the cause of this discrepancy.
We used optical data to assign an adopted spectral type us-
ing a template-based visual classification method (Cruz et al.
2009) only for the 4 objects for which no NIR data were avail-
able. In all other cases, our adopted spectral types are based
on NIR data only. Our NIR spectral types based on a visual
comparison with templates show a standard deviation of 0.9
subtype with respect to optical spectral types in the literature,
and the reduced χ2 of the differences is 1.5, hence slightly
larger than what would be expected given the uncertainties.
If we compare optical spectral types to the index-based spec-
tral types of Allers & Liu (2013), we obtain a slightly larger
standard deviation (1.1 subtype) and reduced χ2 (2.4). This is
indicative that our visual-based classification method is more
consistent with spectral types based on optical data that were
reported in the literature. This should be expected, as our tem-
plates are anchored on optical data. In both cases, we observe
no systematic bias (the mean of the differences is smaller than
0.1 subtype). Several objects that deserve further discussion
are presented in detail in the Appendix.
We note that the index-based field-gravity, intermediate-
gravity and very low-gravity classes defined by Allers &
Liu (2013) were built to correspond to the optical α, β and
γ classes, which is what we observe in 143/176 (81%) of
the cases. Some of the discrepancies arise for objects near
the spectral type thresholds where the method of Allers &
Liu (2013) stops being applicable (.M6 or &L6) or for
data with a lower S/N. The δ gravity class does not have an
equivalent in the index-based classification of Allers & Liu
(2013), but we note that all three of the young dwarfs that
we categorized as δ are assigned with the maximal index-
based gravity score (2222). It does not seem that this max-
imal index-based gravity score always translates as a δ vi-
sual classification though, as there are four additional objects
in our sample that obtained the score 2222 but that we vi-
sually categorized as γ (2MASS J00182834–6703130; L0 γ,
2MASS J01205114–5200349; L1 γ; 2MASS J20113196–
5048112; L3 γ; 2MASS J22351658–3844154; L1.5 γ; all are
THA candidate members). For consistency within this work,
we have adopted the visual spectral types in the remaining
sections, but we list all visual and index-based spectral types
in Table 4. We note that this choice does not affect the con-
clusions presented in this work.
5. RESULTS
In Figure 3, we present the NIR spectra of several new inter-
mediate (β) and very-low (γ) gravity dwarfs discovered in this
work, as well as known dwarfs for which we have obtained
new data. Several objects that were uncovered as candidate
members of YMGs in BASS had NIR or optical spectroscopy
readily available in the SpeX Prism Spectral Libraries 6 (Bur-
gasser 2014) or the RIZzo Ultracool Spectral Library7 with no
discussion of low gravity in the literature; we included them
in our present analysis and the resulting spectral classification
is listed in Table 4 along with the new discoveries.
There are some cases where the BANYAN II tool yields
ambiguous candidate membership to more than one associa-
tion (i.e., at least a second moving group shares 10% of the
total YMG Bayesian probabilities). In all such cases, we list
in Table 4 all plausible YMGs with their relative share of the
total YMG probability (i.e., excluding the field probability).
An extensive RV and parallax follow-up will be required be-
fore more can be said on their YMG membership.
We have identified seven objects (Table 4) that display signs
of low gravity, but for which additional information was in-
consistent with membership to any of the YMGs presented
here (e.g., RV and distance measurements or the effect of in-
terstellar extinction affecting the NIR spectrum which is not
consistent with ages older than ∼ 5 Myr). It is possible that
these objects belong to YMGs or star-forming regions that
are not considered here, that their RV or parallax measure-
ments are affected by an unresolved binary companion (see
the Appendix for a detailed discussion), or that other physical
properties such as enhanced dust mimics a lower gravity.
6 http://pono.ucsd.edu/~adam/browndwarfs/spexprism
7 Kirkpatrick et al. (2000); Cruz et al. (2003, 2007); Kirkpatrick et al.
(2008); Reid et al. (2008); Cruz et al. (2009); Kirkpatrick et al. (2010); see
http://www.astro.umontreal.ca/~gagne/rizzo
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(a) Intermediate-gravity (β) dwarfs
(b) Very low-gravity (γ) dwarfs
FIG. 3.— NIR spectra of all new observations and objects for which spectral types were revised in this work. All spectra were re-sampled to a spectral resolution
of R∼ 120 and a dispersion relation identical to SpeX observations in the prism mode with the 0.′′6 slit. We used alternating colors for visibility.
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TABLE 4
SPECTRAL CLASSIFICATION, LOW GRAVITY AND YMG MEMBERSHIP.
2MASS Spectral Typea Ind. Gravityb YMG Membership Source
Designation J Lit. Opt. Ref. Lit. NIR Ref. H2O Ind. Adopted Class Score Lit. Ref. Updated BASSc BP (%)d CP (%)e Catalog
Bona Fide Members
03350208+2342356 12.25 M8.5 29 M7 VL-G 30 M7.3 M7.5β INT-G 1n21 BPMG 31 BPMG 84.2 3.9 PRE-BASS
03552337+1133437 14.05 L5 γ 32 L3 VL-G 30 L2.3 L3–L6 γ VL-G 2122 ABDMG 33 ABDMG 99.5 1.1 BASS
14252798–3650229 13.75 L3: 15 L5 52 L3.1 L4 γ INT-G 11?1 · · · ABDMG 99.9 0.1 BASS
Low-Gravity Candidate Members
00011217+1535355 15.52 · · · L4: 1 L3.7 L4β INT-G 1211 · · · ABDMG 97.4 1.1 BASS
00065794–6436542 13.39 L0 4 · · · M7.4 M8 γ INT-G 1n12 THA 5 THA > 99.9 < 0.1 BASS
00182834–6703130 15.46 · · · · · · L0.4 L0 γ VL-G 2222 · · · THA 99.9 < 0.1 BASS
00191296–6226005 15.64 · · · · · · L1.0 L1 γ VL-G 1212 · · · THA 99.7 < 0.1 BASS
00192626+4614078 12.60 M8 7 · · · M7.4 M8β INT-G 1n12 ABDMG 8 ABDMG 92.1 4.0 BASS
00274534–0806046 11.57 · · · · · · M5.7 M5.5β INT-G nn1n · · · BPMG 85.2 26.3 BASSf
00303013–1450333 16.28 L7 7,11 L4.5:: 9 L3.2 L4–L6β VL-G 2n21 · · · ARG 26.5 2.6 LP-BASS
00344300–4102266 15.71 · · · · · · L1.5 L1:β VL-G 2121 · · · THA 98.7 < 0.1 BASS
00381489–6403529 14.52 · · · · · · M8.2 M9.5β INT-G 1n12 · · · THA 99.9 < 0.1 LP-BASS
00413538–5621127 11.96 M6.5 + M9 13 · · · M7.9 M7.5β u VL-G 0n22 THA 14 THA 99.9 < 0.1 BASS
00425923+1142104 14.75 · · · · · · M9.8 M9β INT-G 0n11 · · · ABDMG(66);BPMG(33) 19.6 53.1 PRE-BASS
00464841+0715177 13.89 L0:: 15 · · · L0.9 L0 δ VL-G 2222 · · · BPMG 89.3 25.1 BASSf
00514561–6227073 12.58 · · · · · · M7.4 M5.5:β INT-G nn1n · · · THA > 99.9 < 0.1 LP-BASS
00584253–0651239 14.31 L0 11 L1 16 L0.6 L1β INT-G 11?1 · · · ABDMG(66);BPMG(33) 96.5 0.3 LP-BASS
01205114–5200349 15.64 · · · · · · L1.4 L1 γ VL-G 2222 · · · THA > 99.9 < 0.1 BASS
01265327–5505506 12.04 · · · · · · M6.2 M6 γ FLD-G 0n20 · · · THA > 99.9 < 0.1 BASS
01294256–0823580 10.65 M5 6 · · · M6.1 M7β VL-G 2n22 · · · BPMG 95.9 18.9 BASS
01344601–5707564 12.07 M4.5 20 · · · M5.8 M6β VL-G 2n20 THA 20 THA > 99.9 < 0.1 BASS
01484859–5201158 10.87 · · · · · · M5.0 M5β INT-G nn1n · · · THA > 99.9 < 0.1 BASS
01531463–6744181 16.41 L2: 15 · · · L2.9 L3β VL-G 2211 · · · THA > 99.9 < 0.1 BASS
02103857–3015313 15.07 · · · · · · M8.4 M9.5β INT-G 1n12 · · · THA 99.9 < 0.1 BASS
02265658–5327032 15.40 · · · · · · L0.5 L0: γ VL-G 2221 · · · THA > 99.9 < 0.1 BASS
02282694+0218331 12.12 · · · · · · M5.3 M5 γ VL-G nn2n · · · THA(68);BPMG(29) 89.9 < 0.1 LP-BASS
02404759–4253377 12.20 · · · · · · M6.1 M6β INT-G 1n02 · · · THA 99.9 < 0.1 LP-BASS
02410564–5511466 15.39 · · · · · · L1.6 L1 γ VL-G 1221 · · · THA > 99.9 < 0.1 BASS
02501167–0151295 12.89 · · · · · · M7.3 M7:β VL-G 1n22 · · · BPMG 92.9 1.1 BASS
02583123–1520536 15.91 · · · · · · L3.0 L3β INT-G 1111 · · · THA 88.9 < 0.1 BASS
02590146–4232204 12.24 · · · · · · M5 M5 γ VL-G nn2n COL 24 COL 8.6 62.5 PRE-BASS
03093877–3014352 11.58 M4.5 20 · · · M6.7 M6.5 γ VL-G 2n20 THA 20 THA > 99.9 < 0.1 BASS
03111547+0106307 10.68 M5.5 17 · · · M7.6 M6: γ FLD-G 0n20 · · · BPMG(55);THA(45) 79.0 15.7 PRE-BASS
03164512–2848521 14.58 L0: 7 L1 19 L1.7 L1β INT-G 1101 · · · ABDMG 96.9 3.2 BASS
03182597–3708118 13.37 · · · · · · M5.7 M6: γ VL-G 2n1n · · · COL(62);THA(38) 75.5 39.2 LP-BASSf
03224622–7940595 12.22 · · · · · · M6.3 M6.5β INT-G 2n10 · · · THA 80.9 < 0.1 BASS
03264225–2102057 16.13 L4 28 · · · L4.1 L5β/γ FLD-G 0n01 · · · ABDMG 98.8 1.1 BASS
03363144–2619578 10.68 M5.5 24 · · · M5.8 M5.5β INT-G nn1n THA;COL 24 THA 99.9 < 0.1 BASS
03390160–2434059 10.90 M6 24 · · · M4.8 M5β INT-G nn1n COL 24 COL(53);THA(35);BPMG(12) 73.9 32.3 BASSf
03420931–2904317 15.92 · · · · · · L1.0 L0:β VL-G 122n · · · THA 99.7 < 0.1 BASS
03421621–6817321 16.85 L2: 28 · · · · · · L4 γ o · · · · · · THA 5 THA 99.8 < 0.1 BASS
03550477–1032415 13.08 M8.5 7 · · · M8.7 M8.5β INT-G 1n21 · · · THA(76);COL(24) 93.8 < 0.1 BASSf
04185879–4507413 16.16 · · · · · · L2.8 L3 γ VL-G 2211 · · · THA 92.7 < 0.1 BASS
04400972–5126544 15.69 · · · · · · M8.4 L0: γ VL-G 1212 · · · THA(73);COL(23) 86.7 < 0.1 BASS
04402583–1820414 12.65 · · · · · · M6.1 M6β INT-G 1n20 · · · COL(71);BPMG(28) 13.0 31.7 PRE-BASS
04433761+0002051 12.51 M9 γ 28 L0 VL-G 30 M9.9 M9 γ INT-G 1n21 BPMG 5,12 BPMG 99.8 2.8 BASS
04493288+1607226 14.27 · · · · · · M9.0 M9 γ VL-G 2n22 · · · BPMG 1.6 98.2 PRE-BASS
05012406–0010452 14.98 L4 γ 32 L3 VL-G 30 L3.1 L4 γ VL-G 1212 · · · COL(74);CAR(26) 65.9 2.4 BASS
05071137+1430013 A 10.57 · · · · · · M5.6 M5.5β INT-G nn1n BPMG 12 BPMG 28.5 84.9 PRE-BASS
05071137+1430013 B 10.57 · · · · · · M5.2 M5.5β INT-G nn1n BPMG 12 BPMG 28.5 84.9 PRE-BASS
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TABLE 4 — Continued
2MASS Spectral Typea Ind. Gravityb YMG Membership Source
Designation J Lit. Opt. Ref. Lit. NIR Ref. H2O Ind. Adopted Class Score Lit. Ref. Updated BASSc BP (%)d CP (%)e Catalog
05120636–2949540 15.46 L4.5 7,35 L4.5:: 19 L3.8 L5β INT-G 1n01 BPMG 5 BPMG 57.0 37.9 BASSf
05123569–3041067 11.90 · · · · · · M6.8 M6.5 γ FLD-G 0n20 · · · COL 96.4 11.5 BASS
05181131–3101529 11.88 M6.5 2 · · · M7.1 M7β VL-G 1n22 · · · COL 96.2 8.8 BASS
05264316–1824315 12.36 · · · · · · M6.2 M7β VL-G 1n22 · · · COL 93.5 12.8 BASS
05361998–1920396 15.77 L2 γ 28 L2 VL-G 30 L2.8 L2 γ INT-G 2111 COL 5 COL 97.6 7.4 BASS
05402325–0906326 14.59 · · · · · · M8.0 M9β INT-G 1n11 · · · COL 72.0 16.1 PRE-BASS
06272161–5308428 16.39 · · · · · · L0.1 L0:β/γ INT-G 1012 · · · CAR 87.2 9.1 BASS
06322402–5010349 15.02 L3 15 · · · · · · L3β o · · · · · · ABDMG 5 ABDMG 29.5 76.7 PRE-BASS
06494706–3823284 11.65 · · · · · · M4.2 M5 γ · · · nn2n · · · CAR(85);COL(15) 38.8 41.1 PRE-BASS
07140394+3702459 11.98 M8 15 · · · M7.5 M7.5β INT-G 1n10 · · · ARG 88.9 0.5 LP-BASS
07202582–5617224 12.88 · · · · · · M5.9 M6 γ INT-G 1n21 · · · BPMG 29.3 73.1 PRE-BASS
07525247–7947386 12.83 · · · · · · M6.1 M5: γ VL-G nn2n · · · CAR 97.1 2.5 PRE-BASS
08034469+0827000 11.83 · · · · · · M5.7 M6β INT-G 1n02 · · · ABDMG 91.2 5.2 PRE-BASS
08194309–7401232 10.06 · · · · · · M5.0 M4.5 · · · · · · · · · CAR 99.3 1.6 PRE-BASS
08561384–1342242 13.60 · · · · · · M8.6 M8 γ INT-G 1n11 · · · TWA 4.9 < 0.1 PRE-BASS
09451445–7753150 13.89 · · · · · · M8.2 M9β INT-G 1n21 · · · CAR 90.4 2.8 PRE-BASS
09532126–1014205 13.47 L0 28 · · · M9.9 M9β INT-G 1n11 · · · TWA(91);CAR(9) 81.2 < 0.1 BASS
10212570–2830427 16.91 · · · · · · L2.5 L4:β/γ INT-G 1012 · · · TWA 92.4 < 0.1 BASS
10284580–2830374 10.95 M5 45 · · · M5.7 M6 γ VL-G 2n22 TWA 45 TWA 97.5 < 0.1 BASS
10455263–2819303 12.82 · · · · · · M6.1 M6 γ VL-G 1n22 · · · TWA 65.0 < 0.1 LP-BASS
11064461–3715115 14.49 · · · · · · M9.4 M9 γ VL-G 2n22 · · · TWA 94.6 < 0.1 BASS
11083081+6830169 13.12 L1 28,46 · · · L2.0 L1 γ INT-G 1211 · · · CAR 6.0 89.9 PRE-BASS
11271382–3735076 16.47 · · · · · · L0.6 L0 δ VL-G 2222 · · · TWA 92.5 < 0.1 LP-BASS
11480096–2836488 16.11 · · · · · · M9.7 L1:β INT-G 0112 · · · TWA 68.9 < 0.1 BASS
11544223–3400390 14.19 L0 35 L0.5 19 L0.8 L0β INT-G 110? · · · ARG 55.6 46.4 PRE-BASS
12073346–3932539 12.99 M8 pec 49 M8 VL-G 30 M9.0 M8.5 γ VL-G 2n22 TWA 49 TWA 99.9 < 0.1 BASS
12074836–3900043 15.49 L0 γ 50 L1 VL-G 50 L1.3 L1 δ VL-G 2222 TWA 50 TWA 99.7 < 0.1 BASS
12265135–3316124 10.69 M5 51 · · · M5.7 M5.5 γ VL-G nn2n TWA 51 TWA 95.3 < 0.1 PRE-BASS
12271545–0636458 14.19 M9 7 · · · M8.1 M8.5β INT-G 2n10 · · · TWA 1.5 0.6 PRE-BASS
12474428–3816464 14.78 · · · M9 VL-G 50 M8.7 M9 γ VL-G 2n22 TWA 50 TWA 46.6 < 0.1 BASS
12535039–4211215 16.00 · · · · · · L0.3 M9.5 γ VL-G 2n22 · · · TWA 59.3 0.0 BASS
12563961–2718455 16.42 · · · · · · L4.3 L3:β VL-G 2021 · · · TWA 15.9 < 0.1 BASS
12574463–3635431 14.57 · · · · · · M6.6 M6:: γ · · · · · · · · · TWA 25.6 < 0.1 LP-BASS
12574941–4111373 13.02 · · · · · · M5.9 M6 γ VL-G 2n20 · · · TWA 67.2 < 0.1 BASS
15104786–2818174 12.84 M8 49 · · · M9.3 M9β INT-G 2n11 · · · ARG 59.1 60.2 PRE-BASS
15291017+6312539 11.64 · · · · · · M7.8 M8β INT-G 1n10 · · · ABDMG 24.6 79.2 PRE-BASS
15470557–1626303 A 13.86 · · · · · · M9.6 M9β INT-G 0n11 · · · ABDMG 10.6 63.4 PRE-BASS
15470557–1626303 B 13.86 · · · · · · · · · M5:: VL-G nn2n · · · ABDMG 10.6 63.4 PRE-BASS
19350976–6200473 16.25 · · · · · · L1.0 L1 γ VL-G 2212 · · · THA 20.8 0.2 BASS
20004841–7523070 12.73 M9 25 · · · M9.2 M9 γ VL-G 2n22 CAS;BPMG 5,54 BPMG(69);ARG(28) 99.1 13.0 BASS
20113196–5048112 16.42 · · · · · · L2.4 L3 γ VL-G 2222 · · · THA 42.6 < 0.1 BASS
20224803–5645567 11.76 M5.5 2 · · · M5.5 M5.5β INT-G nn1n · · · THA 86.2 < 0.1 BASS
20282203–5637024 13.84 · · · · · · M8.0 M8.5 γ VL-G 2n22 · · · THA 44.3 < 0.1 BASS
20334473–5635338 15.72 · · · · · · L1.2 L0 γ VL-G 1221 · · · THA 93.4 < 0.1 BASS
20334670–3733443 10.85 M5 6 · · · M6.6 M6:β INT-G 1n10 · · · BPMG 97.4 10.8 BASSf
20391314–1126531 13.79 M8 7 · · · M7.4 M7β INT-G 0n11 Pleiades 54 ABDMG 2.2 46.6 PRE-BASS
20505221–3639552 13.00 · · · · · · M5.2 M5β INT-G nn1n · · · ARG(66);BPMG(34) 85.9 47.9 LP-BASSf
21121598–8128452 10.67 · · · · · · M5.5 M5.5β INT-G nn1n · · · THA 44.6 < 0.1 BASS
21324036+1029494 16.59 · · · L4.5: 39 L2.0 L4:β FLD-G 00?1 · · · ARG 30.8 61.6 PRE-BASS
21490499–6413039 10.35 M4.5 42 · · · M4.1 M4.5 · · · · · · THA 20 THA 99.7 < 0.1 BASS
21543454–1055308 16.44 · · · L4 INT-G 56 L3.7 L5β/γ INT-G 0n11 ARG 56 ARG 83.8 25.1 BASSf
21544859–7459134 14.29 · · · · · · M9.8 M9.5:β VL-G 2n2n · · · THA 99.4 < 0.1 BASS
21572060+8340575 13.97 L0 15 · · · · · · M9 γ o · · · · · · · · · ABDMG 30.8 62.9 PRE-BASS
22025794–5605087 14.36 · · · · · · M6.2 M9: γ VL-G 1n22 · · · THA 98.4 < 0.1 BASS
22064498–4217208 15.56 L2 11 · · · L1.9 L3 γ VL-G 2?12 ABDMG 5 ABDMG 99.2 1.1 BASS
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TABLE 4 — Continued
2MASS Spectral Typea Ind. Gravityb YMG Membership Source
Designation J Lit. Opt. Ref. Lit. NIR Ref. H2O Ind. Adopted Class Score Lit. Ref. Updated BASSc BP (%)d CP (%)e Catalog
22064498–4217208 15.56 L2 11 · · · L1.0 L3 γ VL-G 1222 ABDMG 5 ABDMG 99.2 1.1 BASS
22191486–6828018 13.92 · · · · · · M6.0 M6β VL-G 1n22 · · · THA 28.3 < 0.1 LP-BASS
22351658–3844154 15.18 · · · · · · L1.4 L1.5 γ VL-G 2222 · · · THA 96.2 < 0.1 BASS
22353560–5906306 14.28 · · · · · · M8.6 M8.5β INT-G 1n11 · · · THA 99.8 < 0.1 BASS
22444835–6650032 11.03 M5 20 · · · M5.1 M5 γ VL-G nn2n THA 20 THA 99.8 < 0.1 BASS
22511530–6811216 12.10 · · · · · · M7.4 M5: γ VL-G nn2n · · · THA 99.9 < 0.1 BASS
23130558–6127077 10.93 M4.5 20 · · · M5.2 M5β INT-G nn1n THA 20 THA 99.9 < 0.1 BASS
23143092–5405313 11.50 · · · · · · M5.0 M5β INT-G nn1n · · · THA 99.6 < 0.1 LP-BASS
23225240–6151114 11.53 M5 5 · · · M5.2 M5 γ INT-G nn1n THA 5 THA 99.9 < 0.1 BASS
23225299–6151275 15.55 L2 γ 32 L2 57 L1.8 L1 γ VL-G 1221 THA 5 THA > 99.9 < 0.1 BASS
23231347–0244360 13.58 M8.5 28 · · · M7.7 M8β INT-G 1n?1 · · · BPMG 30.6 54.4 PRE-BASS
23255604–0259508 15.96 L3: 9 L3 9 L1.3 L1 γ INT-G 1111 · · · ABDMG 73.4 12.3 BASSf
23255604–0259508 15.96 L3: 9 L3 9 L2.8 L1 γ INT-G 0121 · · · ABDMG 73.4 12.3 BASSf
23353085–1908389 11.51 · · · · · · M5.4 M5β INT-G nn1n · · · ABDMG(86);BPMG(13) 84.8 9.2 BASSf
23355015–3401477 11.64 · · · · · · M5.1 M6: γ VL-G 2n1n · · · BPMG 76.8 31.1 BASSf
23360735–3541489 14.65 · · · · · · M8.6 M9β VL-G 1n22 · · · ABDMG(60);THA(39) 50.8 30.3 BASS
23433470–3646021 16.57 · · · · · · L3.7 L3–L6 γ VL-G 2012 · · · ABDMG(46);BPMG(38);THA(16) 68.9 4.8 BASS
23520507–1100435 12.84 M7 28 · · · M7.6 M8β INT-G 1n11 · · · ABDMG 90.6 4.0 BASS
23532556–1844402 A 11.24 · · · · · · M5.8 M6.5 γ VL-G 0n22 · · · THA(46);BPMG(34);ABDMG(20) 61.4 < 0.1 LP-BASS
23532556–1844402 B 11.24 · · · · · · M5.2 M4.5 pec · · · · · · · · · THA(46);BPMG(34);ABDMG(20) 61.4 < 0.1 LP-BASS
Candidate Members with no Constraint on Surface Gravity
00020382+0408129 A 10.40 · · · · · · · · · M3 · · · · · · · · · ABDMG 99.6 0.7 PRE-BASS
00020382+0408129 B 10.40 · · · · · · · · · M3 · · · · · · · · · ABDMG 99.6 0.7 PRE-BASS
00171571–3219539 10.64 M4.5 6 · · · M4.3 M4 · · · · · · · · · BPMG(56);ARG(44) 83.0 17.6 PRE-BASS
00390342+1330170 A 10.94 · · · · · · M5.8 M4 pec · · · · · · ABDMG 12 BPMG(92);ABDMG(8) 91.9 11.2 BASS
00390342+1330170 B 10.94 · · · · · · M6.0 M5 pec · · · · · · ABDMG 12 BPMG(92);ABDMG(8) 91.9 11.2 BASS
01035369–2805518 A 11.66 M4.5 17 · · · M4.8 M4 · · · · · · · · · ABDMG 83.2 3.5 PRE-BASS
01035369–2805518 B 11.66 · · · · · · M4.9 M4 · · · · · · · · · ABDMG 83.2 3.5 PRE-BASS
03132588–2447246 12.53 · · · · · · M4.8 M5.5: pec · · · · · · · · · BPMG(47);THA(49) 97.8 < 0.1 LP-BASS
03442859+0716100 A 12.72 · · · · · · · · · M4 · · · · · · · · · BPMG 27.5 85.1 PRE-BASS
03442859+0716100 B 12.72 · · · · · · M4.1 M4.5 · · · · · · · · · BPMG 27.5 85.1 PRE-BASS
03582255–4116060 15.85 L5 28 · · · L5.4 L6 pec · · · nnn? · · · BPMG 67.1 16.6 BASSf
04173836–1140256 11.75 · · · · · · · · · M2: · · · · · · · · · ARG(76);BPMG(24) 12.4 92.9 PRE-BASS
04231498–1533245 12.54 · · · · · · M4.7 M4: pec · · · · · · · · · BPMG 95.4 1.3 LP-BASS
05104958–1843548 15.35 · · · · · · L2.5 L2:β? INT-G 1?1? · · · COL 68.6 6.6 LP-BASS
05201794+0511521 13.04 · · · · · · · · · K0 · · · · · · · · · COL(51);BPMG(49) 9.0 62.5 PRE-BASS
05484454–2942551 10.56 · · · · · · M4.2 M4:: · · · · · · · · · COL(56);BPMG(43) 62.4 24.0 PRE-BASS
06021735–1413467 14.34 · · · · · · · · · < K0 · · · · · · · · · COL 81.8 25.3 PRE-BASS
07583046+1530004 10.43 M4.5 38 · · · · · · M4 · · · · · · · · · TWA(45);ARG(39);ABDMG(16) 35.7 < 0.1 PRE-BASS
07583098+1530146 A 9.97 M3.5 38 · · · M4.2 M4.5 · · · · · · · · · ARG(69);TWA(31) 47.7 41.2 PRE-BASS
07583098+1530146 B 9.97 M3.5 38 · · · M4.3 M4.5 · · · · · · · · · ARG(69);TWA(31) 47.7 41.2 PRE-BASS
08045433–6346180 9.93 · · · · · · · · · < M2 · · · · · · · · · CAR 98.8 1.8 PRE-BASS
08095903+4434216 16.44 · · · L6 39 L5.4 L6 pec(red) INT-G nnn1 · · · ARG 80.7 27.4 BASSf
08540240–3051366 9.01 M4 42 · · · · · · M4 · · · · · · · · · BPMG 89.1 23.6 PRE-BASS
09104094–7552528 13.62 · · · · · · · · · < K0 · · · · · · · · · ARG(59);CAR(28);BPMG(10) 69.9 73.8 PRE-BASS
09510459+3558098 10.58 M4.5 44 · · · · · · M5: · · · · · · · · · ABDMG 18.9 31.1 PRE-BASS
11195251–3917150 13.13 · · · · · · · · · M3 · · · · · · · · · TWA 99.8 < 0.1 PRE-BASS
11532691–3015414 12.31 · · · · · · M4.7 M4.5 · · · · · · · · · TWA(84);ARG(16) 6.1 < 0.1 PRE-BASS
12002750–3405371 9.61 · · · · · · · · · M4 · · · · · · · · · TWA 97.7 < 0.1 PRE-BASS
12492353–2035592 9.32 · · · · · · · · · M2 · · · · · · · · · TWA 3.6 < 0.1 PRE-BASS
13262009–2729370 15.85 L5 49 L6.5: 19 L5.9 L7 · · · nnnn · · · ARG 85.5 18.7 BASSf
19480544+5944412 A 11.49 · · · · · · M4.2 M4 · · · · · · · · · ARG(86);ABDMG(14) 16.8 69.6 PRE-BASS
19480544+5944412 B 11.49 · · · · · · M4.2 M4.5 · · · · · · · · · ARG(86);ABDMG(14) 16.8 69.6 PRE-BASS
23102196–0748531 11.60 · · · · · · M5.0 M5 · · · · · · · · · BPMG(61);ABDMG(39) 96.9 8.3 LP-BASS
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2MASS Spectral Typea Ind. Gravityb YMG Membership Source
Designation J Lit. Opt. Ref. Lit. NIR Ref. H2O Ind. Adopted Class Score Lit. Ref. Updated BASSc BP (%)d CP (%)e Catalog
23290437+0329113 11.11 · · · · · · M5.2 M5.5 pec · · · · · · · · · BPMG 67.5 30.0 BASSf
Field Contaminants
00045753–1709369 11.00 M5.5 2 M5.5 3 M5.6 M6 FLD-G 0n00 · · · Field · · · · · · PRE-BASS
00193927–3724392 15.52 L3: 9 L3.5: 9 L2.2 L3 INT-G 10?1 · · · Field · · · · · · PRE-BASS
00210589–4244433 13.52 M9.5 10 · · · M9.8 L0.5 FLD-G 000? · · · Field · · · · · · PRE-BASS
00461551+0252004 14.40 · · · · · · M9.7 L0 pec FLD-G 1000 · · · Field · · · · · · PRE-BASS
01291221+3517580 16.78 L4 18 L4.5 19 L3.0 L3.5 FLD-G ?010 ARG 5 Field · · · · · · PRE-BASS
01550354+0950003 14.82 L5 15 L5: 9 L3.2 L4 INT-G 101? · · · Field 65.3 23.7 PRE-BASS
02441019–3548036 15.34 · · · · · · L0.8 L2 pec FLD-G 1000 · · · Field · · · · · · BASS
02534448–7959133 11.34 M5.5 23 · · · M7.1 M6 pec FLD-G 0n10 · · · Field · · · · · · BASSf
03005033–5459267 12.42 · · · · · · M5.5 M5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
03140344+1603056 12.53 L0 15,25 · · · M9.3 M9 pec FLD-G 0n00 UMA 26 UMA · · · · · · PRE-BASS
03204919–3313400 12.54 · · · · · · M8.7 M5.5: FLD-G nn0n · · · Field · · · · · · BASS
03263956–0617586 12.96 M5 27 · · · M5.0 M5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
03333313–3215181 13.17 · · · · · · M6.3 M6.5 FLD-G 0n10 · · · Field · · · · · · LP-BASS
03370359–1758079 15.62 L4.5 11 · · · L4.3 L4 FLD-G 1000 · · · Field · · · · · · LP-BASSf
03370362–3709236 12.75 · · · · · · M5.8 M5.5 FLD-G nn0n · · · Field · · · · · · LP-BASS
04070752+1546457 15.48 L3.5 15 L3.5 22 L3.0 L3 FLD-G 2100 · · · Field · · · · · · PRE-BASS
04532647–1751543 15.14 L3: 7 · · · L2.5 L3 INT-G 1110 · · · Field 96.5 8.0 BASS
04584239–3002061 13.50 · · · · · · M6.1 M6.5 FLD-G 0n00 · · · Field · · · · · · LP-BASS
05002100+0330501 13.67 L4 15 L4 34 L4.2 L4 pec FLD-G 0000 · · · Field · · · · · · BASS
05431887+6422528 13.57 L1 15 L2 36 L1.9 L2 INT-G 1110 · · · Field · · · · · · PRE-BASS
06022216+6336391 14.27 L1: 15 L1.5 19 L1.7 L2 FLD-G 1??0 · · · Field · · · · · · BASS
07083261–4701475 14.16 · · · · · · M8.8 M8.5 FLD-G 0n00 · · · Field · · · · · · PRE-BASS
07200325–0846499 10.63 M9: 37 · · · M9.8 L0 pec FLD-G 1000 · · · Field · · · · · · PRE-BASS
08055944+2505028 A 11.53 · · · · · · M4.3 M4 · · · · · · · · · Field · · · · · · PRE-BASS
08055944+2505028 B 11.53 · · · · · · M5.2 M5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
08141769+0253199 11.52 · · · · · · M5.2 M5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
08194351–0450071 14.82 · · · · · · L0.7 L1: pec FLD-G 010n · · · Field · · · · · · PRE-BASS
08204440–7514571 16.59 · · · · · · L2.8 L3.5 INT-G 101? · · · Field · · · · · · PRE-BASS
08254335–0029110 15.45 · · · · · · L0.3 L0.5 FLD-G 1010 · · · Field · · · · · · PRE-BASS
08255896+0340198 10.01 · · · · · · · · · M3 · · · · · · · · · Field · · · · · · PRE-BASS
08503593+1057156 16.47 L6+L6 40,41 · · · L6.2 L7 pec(red) u FLD-G nnn0 · · · Field · · · · · · PRE-BASS
08511627+1817302 16.57 · · · L4.5: 39 L4.4 L5: FLD-G 0n00 · · · Field · · · · · · PRE-BASS
08575849+5708514 15.04 L8 35 L8: 43 L7.1 L8 pec · · · · · · · · · Field · · · · · · PRE-BASS
10051641+1703264 11.13 · · · · · · M4.9 M5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
10130718–1706349 A 12.79 · · · · · · M5.1 M5 pec FLD-G nn0n · · · Field · · · · · · PRE-BASS
10130718–1706349 B 12.79 · · · · · · M5.1 M5 pec FLD-G nn0n · · · Field · · · · · · PRE-BASS
10352029–2058382 11.66 · · · · · · M5.5 M5.5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
10513331–1916530 14.69 · · · · · · L0.3 M9 pec FLD-G 0n00 · · · Field · · · · · · BASS
10584787–1548172 14.15 L3 18 L3 1 L2.2 L3 FLD-G 0000 · · · Field · · · · · · BASS
11335700–7807240 13.20 M8 47 · · · M6.2 M6: pec FLD-G 0n01 · · · Field · · · · · · PRE-BASS
11555389+0559577 15.66 L0 48 L7.5 1 L6.8 L6–L8 pec FLD-G nnn0 · · · Field · · · · · · PRE-BASS
12042529–2806364 16.11 · · · · · · M9.7 L0.5 FLD-G 0010 · · · Field · · · · · · PRE-BASS
12212770+0257198 13.17 L0 15 · · · M9.7 M9 pec FLD-G 1n00 · · · Field · · · · · · PRE-BASS
12310489–3801065 14.68 · · · · · · M8.0 M8 pec FLD-G 0n10 · · · Field · · · · · · BASS
12521062–3415091 11.65 · · · · · · M5.2 M5.5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
13015465–1510223 14.54 L1 15 · · · M9.6 L1.5: FLD-G 0001 · · · Field · · · · · · PRE-BASS
13252237+0600290 12.25 · · · · · · · · · < M0 · · · · · · · · · Field · · · · · · PRE-BASS
17065487–1314396 14.52 · · · · · · L5.0 L5 pec FLD-G 0n00 · · · Field · · · · · · PRE-BASS
18393308+2952164 11.01 M6.5 53 · · · M6.9 M7 FLD-G 0n00 · · · Field · · · · · · PRE-BASS
18462188–5706040 15.06 · · · · · · L0.2 L1: INT-G 2020 · · · Field · · · · · · PRE-BASS
19395435–5216468 14.66 · · · · · · M9.7 L1 INT-G 1021 · · · Field · · · · · · BASS
20025265–1316418 14.48 · · · · · · M8.9 M8.5 FLD-G 0n00 · · · Field · · · · · · PRE-BASS
20050639–6258034 11.75 · · · · · · M4.3 M5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
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20414283–3506442 14.89 L2: 28 L2 19 L0.7 L2 FLD-G 1010 · · · Field · · · · · · BASSf
20482880–3255434 14.71 · · · · · · M9.4 M9 FLD-G 0n00 · · · Field · · · · · · PRE-BASS
20484222–5127435 15.38 · · · · · · L1.9 L2 pec FLD-G 10?0 · · · Field · · · · · · BASS
20484222–5127435 15.38 · · · · · · L0.7 L2 pec FLD-G 1001 · · · Field · · · · · · BASS
21144103–4339531 13.02 · · · · · · M9.0 M7.5 pec FLD-G 0n00 CAS 54 Field · · · · · · LP-BASS
21272613–4215183 13.32 M7.5 15 M8 19 M8.5 M8 FLD-G 0n00 Pleiades 54 Field · · · · · · PRE-BASS
21342814–1840298 11.04 · · · · · · · · · M3: pec · · · · · · · · · Field · · · · · · PRE-BASS
21420580–3101162 15.84 L3 55 L2 9 L1.5 L3 FLD-G 10?0 · · · Field · · · · · · BASSf
21484123–4736506 10.97 · · · · · · M4.4 M5 FLD-G nn0n · · · Field · · · · · · PRE-BASS
22021125–1109461 12.36 M6.5 29 · · · M7.2 M7 FLD-G 0n00 · · · Field · · · · · · LP-BASS
22062157–6116284 16.61 · · · · · · L1.0 L0: pec FLD-G 1020 · · · Field · · · · · · PRE-BASS
22400144+0532162 11.72 · · · · · · M5.7 M6 pec FLD-G 0n02 · · · Field · · · · · · BASS
22444905–3045535 14.65 · · · · · · L0.2 M9 pec FLD-G 0n00 · · · Field · · · · · · PRE-BASS
23155665–4747315 16.08 · · · · · · L5.2 L3 pec FLD-G 1010 · · · Field · · · · · · BASS
23270843+3858234 11.74 · · · · · · M6.3 M5.5 pec FLD-G nn0n · · · Field · · · · · · BASSf
23310161–0406193 12.94 M8 + L3 58 · · · M8.4 M8 pec u FLD-G 1n00 · · · Field · · · · · · LP-BASS
23392527+3507165 15.36 L3.5 15 L4.5 9 L3.0 L4 pec FLD-G 1020 · · · Field · · · · · · BASS
23512200+3010540 12.47 L5.5 59 L5 p(red) 59 L3.9 L5 pec FLD-G 0n01 ARG 5 Field 92.8 5.8 PRE-BASS
Young Contaminants
02530084+1652532 8.39 M6.5 21 M7 22 M7.4 M7.5β INT-G 1n12 ARG 5 Field · · · · · · PRE-BASS
05243009+0640349 11.98 · · · · · · M5.5 M5.5β INT-G nn1n · · · Field · · · · · · PRE-BASS
06353541–6234059 12.42 · · · · · · M6.3 M6.5β INT-G 0n12 · · · Field · · · · · · PRE-BASS
13582164–0046262 10.81 · · · · · · M5.5 M5.5 γ VL-G nn2n · · · Field · · · · · · PRE-BASS
14112131–2119503 12.44 M9 7 M9 52 M8.7 M8.5β INT-G 1n10 · · · Field · · · · · · PRE-BASS
20385687–4118285 11.66 · · · · · · M5.2 M5β INT-G nn1n · · · Field · · · · · · PRE-BASS
23453903+0055137 13.77 M9 15 · · · M9.7 M9β INT-G 1n11 · · · Field · · · · · · PRE-BASS
Reddened Contaminants
00174858–0316334 13.23 · · · · · · M8.2 M7β · · · · · · · · · Field · · · · · · PRE-BASS
04044052+2616275 A 12.65 · · · · · · · · · < M0 · · · · · · · · · TAU? · · · · · · PRE-BASS
04044052+2616275 B 12.65 · · · · · · · · · < M0 · · · · · · · · · TAU? · · · · · · PRE-BASS
04281061+1839021 13.38 · · · · · · · · · < M3 · · · · · · · · · TAU? · · · · · · PRE-BASS
05271676+0007526 A 12.17 · · · · · · · · · M0 · · · · · · · · · OMC · · · · · · PRE-BASS
05271676+0007526 B 12.17 · · · · · · · · · M3 · · · · · · · · · OMC · · · · · · PRE-BASS
05370704–0623170 15.70 · · · · · · · · · < M0 · · · · · · · · · OMC? · · · · · · PRE-BASS
05404919–0923192 11.31 · · · · · · · · · < M0 · · · · · · · · · Field · · · · · · PRE-BASS
05410983–0737392 13.46 · · · · · · · · · < M0 · · · · · · · · · Field · · · · · · PRE-BASS
05415929–0217020 13.22 · · · · · · · · · < M0 · · · · · · · · · Field · · · · · · PRE-BASS
05451198–0121021 13.83 · · · · · · · · · < M0 · · · · · · · · · Field · · · · · · PRE-BASS
11014673–7735144 15.97 · · · · · · M4.2 < M5: · · · · · · · · · CHA? · · · · · · PRE-BASS
11560224–4043248 16.00 · · · · · · · · · < M5 · · · · · · · · · Field · · · · · · PRE-BASS
12214223–4012050 16.47 · · · · · · · · · < M0 · · · · · · · · · Field · · · · · · BASS
15424676–3358082 17.02 · · · · · · · · · < K0 · · · · · · · · · Lupus? · · · · · · PRE-BASS
16210134–2346554 15.16 · · · · · · · · · < M5 · · · · · · · · · SCC? · · · · · · PRE-BASS
16210134–2346554 15.16 · · · · · · · · · < M5 · · · · · · · · · SCC? · · · · · · PRE-BASS
16221255–2346418 10.90 · · · · · · · · · < M5 · · · · · · · · · SCC? · · · · · · PRE-BASS
16232017–2353248 13.38 · · · · · · M7.0 M5β · · · · · · · · · SCC? · · · · · · PRE-BASS
16251377–2358021 13.75 · · · · · · · · · < M0 · · · · · · · · · ρOPH? · · · · · · PRE-BASS
16272178–2411060 13.98 · · · · · · · · · < M0 · · · · · · · · · ρOPH? · · · · · · PRE-BASS
16330142–2425083 16.16 · · · · · · · · · < M5 · · · · · · · · · SCC? · · · · · · PRE-BASS
16422788–1942350 15.23 · · · · · · · · · < M5 · · · · · · · · · SCC? · · · · · · PRE-BASS
18460473+5246027 A 11.03 · · · · · · · · · K0 · · · · · · · · · Field · · · · · · PRE-BASS
18460473+5246027 B 11.03 · · · · · · · · · K0 · · · · · · · · · Field · · · · · · PRE-BASS
19033113–3723302 13.41 · · · · · · · · · < M0 · · · · · · · · · Field · · · · · · PRE-BASS
22573768–5041516 14.96 · · · · · · · · · < M5 · · · · · · · · · Field · · · · · · PRE-BASS
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NOTE. — References to this Table :
(1) Knapp et al. 2004; (2) Crifo et al. 2005; (3) Deshpande et al. 2012; (4) Martín et al. 2010; (5) Gagné et al. 2014c; (6) Reid et al. 2007; (7) Cruz et al. 2003; (8) Schlieder et al. 2012b; (9) Burgasser et al.
2010; (10) Basri 2000; (11) Kirkpatrick et al. 2000; (12) Schlieder et al. 2012a; (13) Reiners & Basri 2010; (14) Reiners & Basri 2009; (15) Reid et al. 2008; (16) Marocco et al. 2013; (17) Bochanski et al.
2005; (18) Kirkpatrick et al. 1999; (19) Bardalez Gagliuffi et al. 2014; (20) Kraus et al. 2014b; (21) Teegarden et al. 2003; (22) Burgasser et al. 2008; (23) Phan-Bao & Bessell 2006; (24) Rodriguez et al. 2013;
(25) Schmidt et al. 2007; (26) Seifahrt et al. 2010; (27) West et al. 2008; (28) Cruz et al. 2007; (29) Reid et al. 2002; (30) Allers & Liu 2013; (31) Shkolnik et al. 2012; (32) Cruz et al. 2009; (33) Liu et al. 2013a;
(34) Bardalez Gagliuffi et al. 2014; (35) Kirkpatrick et al. 2008; (36) Kirkpatrick et al. 2014; (37) Scholz 2014; (38) Gizis et al. 1997; (39) Chiu et al. 2006; (40) Faherty et al. 2011; (41) Dupuy & Liu 2012;
(42) Riaz et al. 2006; (43) Geballe et al. 2002; (44) Shkolnik et al. 2009; (45) Schneider et al. 2012; (46) Gizis et al. 2000; (47) Luhman 2007; (48) Schmidt et al. 2010; (49) Gizis 2002; (50) Gagné et al. 2014a;
(51) Rodriguez et al. 2011; (52) Kendall et al. 2004; (53) Reid et al. 2003; (54) Gálvez-Ortiz et al. 2010; (55) Liebert & Gizis 2006; (56) Gagné et al. 2014b; (57) Manjavacas et al. 2014; (58) Caballero 2007;
(59) Kirkpatrick et al. 2010.
a All spectral types determined in this work (fourth column) are based on NIR spectra, except those with the o suffix, which are based on optical data. A semi-colon in the optical and NIR spectral types indicates
that the subtype is uncertain (± 1), and a double semi-colon indicates that the subtype is very uncertain (± 2 subtypes or more); pec indicates peculiar features; β and γ respectively indicate intermediate gravity
and very low gravity, determined from a visual classification.
b The index-based gravity classes and scores are defined by Allers & Liu (2013) and based on the FeH and VO features, alkali lines depth and the H-band continuum shape, respectively. We used our adopted
spectral subtypes in their calculation. A score value of 0 indicates field gravity, 1 indicates intermediate gravity and 2 indicates a very low gravity. A score of n indicates that no conclusion can be drawn either
because the spectroscopic indicator in question is not sensitive to gravity at this spectral type or because the data does not cover the wavelength of this index. A question mark indicates that the quality of the data
is not good enough to draw any conclusion (i.e., the measurement is consistent with low gravity, but the measurement error bar overlaps with the field sequence). The final gravity score is taken as the median of
these individual gravity scores, ignoring n or ? scores and taking the average of the two central values when an even number of scores is used.
c Results reported in the BASS survey paper (Paper V), updated using data presented here.
d Bayesian probability for membership in a YMG.
e The probability that this object is a field contaminant, based on a Monte Carlo analysis and the Besançon galactic model (see text and Paper II).
f Low-probability Sample.
TABLE 5
EQUIVALENT WIDTHS AND SPECTRAL INDICES.
2MASS Spectral Equivalent Widths (Å) Spectral Indices (Allers & Liu 2013)
Designation Type Na I 1.138µm K I 1.169µm K I 1.177µm K I 1.244µm K I 1.253µm FeHZ VOZ FeHJ KIJ H–cont
Intermediate-Gravity (β)
00011217+1535355 L4β 7.3±1.0 5.7±1.0 7.0±1.3 · · · 2.9±1.4 1.22±0.01 1.17±0.01 1.24±0.01 1.13±0.01 0.92±0.01
00274534–0806046 M5.5β 4.1±0.7 1.3±0.7 2.7±0.9 0.6±0.6 1.5±0.6 1.06±0.01 1.01±0.01 1.04±0.01 1.03±0.01 0.97±0.01
00303013–1450333 L4–L6β · · · · · · · · · · · · · · · 1.10±0.03 1.03±0.02 · · · 1.06±0.02 0.92±0.01
00344300–4102266 L1:β 7.5±1.5 6.0±1.6 5.5±1.6 2.9±2.1 3.6±1.6 1.18±0.01 1.14±0.01 1.15±0.02 1.09±0.01 0.96±0.01
00381489–6403529 M9.5β 8.3±1.4 4.1±1.0 5.2±1.3 3.6±1.9 2.8±1.2 1.12±0.01 1.19±0.01 1.18±0.01 1.07±0.01 1.01±0.01
00425923+1142104 M9β 10.2±1.4 4.1±1.3 6.5±1.7 3.0±1.0 3.4±1.3 1.17±0.01 1.10±0.01 1.16±0.02 1.08±0.01 0.95±0.01
00514561–6227073 M5.5:β 5.1±1.2 2.0±0.9 2.5±0.8 5.1±1.3 2.3±0.7 1.07±0.01 1.03±0.01 1.06±0.01 1.01±0.01 · · ·
00584253–0651239 L1β 12.0±1.4 6.7±1.6 8.7±1.8 2.5±1.5 5.6±1.3 1.23±0.01 1.16±0.01 1.19±0.02 1.10±0.01 0.93±0.01
01294256–0823580 M7β 3.7±1.0 0.3±0.5 2.5±0.7 1.6±1.2 1.8±0.6 1.04±0.01 1.00±0.01 1.04±0.01 1.03±0.01 1.03±0.01
01531463–6744181 L3β 8.6±0.2 5.6±0.2 6.7±0.2 3.2±0.2 4.5±0.2 1.14±0.01 1.20±0.01 1.19±0.01 1.09±0.01 0.92±0.01
02103857–3015313 M9.5β 7.5±1.9 4.3±1.4 5.7±1.5 2.6±1.9 4.1±1.4 1.15±0.01 1.25±0.01 1.20±0.01 1.08±0.01 1.00±0.01
02404759–4253377 M6β 6.1±0.9 1.2±0.5 3.2±0.9 1.6±1.2 2.6±0.7 1.05±0.01 1.02±0.01 1.07±0.01 1.04±0.01 1.00±0.01
02501167–0151295 M7:β 7.2±1.3 0.5±1.1 · · · 6.7±1.6 · · · 1.06±0.01 0.99±0.01 1.13±0.01 1.05±0.01 1.02±0.01
02530084+1652532 M7.5β · · · · · · · · · · · · · · · 1.07±0.01 1.02±0.01 · · · 1.05±0.01 1.00±0.01
03164512–2848521 L1β · · · · · · · · · · · · · · · 1.16±0.01 1.18±0.03 · · · 1.12±0.02 0.95±0.01
03224622–7940595 M6.5β 5.1±1.0 1.9±0.6 1.3±0.7 0.2±0.8 1.9±0.7 1.06±0.01 0.99±0.01 1.03±0.01 1.04±0.01 0.98±0.01
03550477–1032415 M8.5β 8.8±1.2 3.2±0.9 3.0±1.2 3.7±1.3 3.6±1.0 1.11±0.01 1.07±0.01 1.15±0.01 1.06±0.01 0.97±0.01
04402583–1820414 M6β 6.5±1.2 −0.1±0.9 2.0±0.9 · · · 1.4±0.8 1.05±0.01 1.02±0.01 1.09±0.01 1.06±0.01 0.99±0.01
05071137+1430013 A M5.5β 4.9±0.9 1.4±0.7 1.9±0.8 · · · 1.3±0.6 1.06±0.01 1.01±0.01 1.04±0.01 1.04±0.01 1.00±0.01
05071137+1430013 B M5.5β 4.2±1.0 1.3±0.7 2.0±0.8 1.3±0.9 1.8±0.6 1.05±0.01 1.00±0.01 1.02±0.01 1.03±0.01 1.01±0.01
05120636–2949540 L5β · · · · · · · · · · · · · · · 1.21±0.04 1.09±0.02 · · · 1.10±0.02 0.91±0.02
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TABLE 5 — Continued
2MASS Spectral Equivalent Widths (Å) Spectral Indices (Allers & Liu 2013)
Designation Type Na I 1.138µm K I 1.169µm K I 1.177µm K I 1.244µm K I 1.253µm FeHZ VOZ FeHJ KIJ H–cont
05181131–3101529 M7β 7.0±0.9 1.7±0.7 3.0±0.9 1.7±0.7 1.8±0.6 1.08±0.01 1.04±0.01 1.08±0.01 1.05±0.01 1.00±0.01
05243009+0640349 M5.5β 4.8±0.7 0.9±0.5 2.0±0.6 1.2±0.4 1.3±0.4 1.06±0.01 1.00±0.01 1.05±0.01 1.03±0.01 1.00±0.01
05264316–1824315 M7β 7.1±1.0 1.8±0.6 3.5±0.9 2.0±0.6 2.1±0.6 1.09±0.01 1.02±0.01 1.08±0.01 1.04±0.01 1.00±0.01
05402325–0906326 M9β 10.0±1.4 5.0±1.4 5.2±1.7 2.5±2.6 4.4±1.6 1.16±0.01 1.11±0.01 1.16±0.02 1.09±0.01 0.97±0.01
06353541–6234059 M6.5β 6.3±1.2 2.2±0.8 2.8±0.9 0.4±1.0 2.0±0.8 1.07±0.01 1.01±0.01 1.05±0.01 1.05±0.01 1.01±0.01
08034469+0827000 M6β 8.8±1.1 2.1±0.7 3.3±1.0 2.4±0.6 2.0±0.6 1.06±0.01 1.00±0.01 1.05±0.01 1.04±0.01 1.00±0.01
09451445–7753150 M9β 10.5±1.7 2.8±1.2 4.1±1.6 2.6±2.0 3.6±1.4 1.14±0.01 1.06±0.01 1.11±0.01 1.08±0.01 0.97±0.01
09532126–1014205 M9β 8.1±1.0 4.6±1.2 6.4±1.5 2.8±1.1 4.0±1.1 1.13±0.01 1.22±0.01 1.16±0.01 1.08±0.01 0.96±0.01
11544223–3400390 L0β · · · · · · · · · · · · · · · 1.16±0.02 1.19±0.02 · · · 1.11±0.02 0.94±0.01
12271545–0636458 M8.5β 12.1±2.3 6.8±1.6 8.2±2.0 2.0±2.2 1.8±2.1 1.04±0.01 0.99±0.01 1.10±0.01 1.11±0.01 0.95±0.01
12563961–2718455 L3:β 12.8±0.1 1.3±0.2 3.5±0.1 1.9±0.2 2.7±0.1 1.16±0.01 0.97±0.01 1.30±0.01 1.07±0.01 0.91±0.01
15104786–2818174 M9β 8.3±1.4 3.4±1.0 4.7±1.4 2.8±1.7 3.6±1.1 1.05±0.01 1.11±0.01 1.11±0.01 1.08±0.01 0.95±0.01
15291017+6312539 M8β 8.9±1.2 3.2±0.9 4.7±1.4 2.0±0.8 3.4±0.8 1.11±0.01 1.05±0.01 1.11±0.01 1.06±0.01 0.95±0.01
15470557–1626303 A M9β 9.5±1.3 4.6±1.5 6.9±1.6 3.0±1.2 4.8±1.2 1.18±0.01 1.11±0.01 1.16±0.01 1.10±0.01 0.95±0.01
20224803–5645567 M5.5β 5.5±0.9 0.1±0.6 1.3±1.0 2.2±1.9 1.2±0.7 1.09±0.01 1.02±0.01 1.05±0.01 1.03±0.01 1.01±0.01
20334670–3733443 M6:β 4.1±0.9 1.7±0.6 2.7±0.8 5.6±1.2 1.7±0.5 1.06±0.01 1.01±0.01 1.10±0.01 1.02±0.01 0.99±0.01
20391314–1126531 M7β 9.5±1.2 2.9±1.0 4.2±1.3 1.8±0.9 3.3±0.9 1.11±0.01 1.05±0.01 1.10±0.01 1.06±0.01 0.99±0.01
21121598–8128452 M5.5β 5.3±1.0 0.7±0.6 1.3±0.8 1.8±1.0 1.7±0.5 1.06±0.01 1.01±0.01 1.05±0.01 1.02±0.01 1.00±0.01
21324036+1029494 L4:β · · · · · · · · · · · · · · · · · · 1.02±0.05 · · · 1.09±0.04 0.92±0.02
21544859–7459134 M9.5:β 10.0±1.7 3.8±1.2 2.0±1.3 · · · · · · 0.98±0.01 1.11±0.01 1.09±0.03 · · · · · ·
22191486–6828018 M6β 6.5±1.3 1.5±0.5 2.1±0.9 1.6±1.2 1.7±0.7 1.05±0.01 1.03±0.01 1.06±0.01 1.05±0.01 1.01±0.01
22353560–5906306 M8.5β 7.2±1.4 3.5±1.0 5.6±1.5 2.2±1.9 2.7±1.2 1.14±0.01 1.16±0.01 1.16±0.02 1.06±0.01 0.97±0.01
23231347–0244360 M8β · · · · · · · · · · · · · · · 1.09±0.01 1.05±0.01 · · · 1.07±0.01 0.98±0.01
23360735–3541489 M9β 9.4±1.3 4.1±1.2 6.3±1.8 2.8±2.0 3.0±1.4 1.13±0.01 1.12±0.01 1.17±0.01 1.07±0.01 0.99±0.01
23453903+0055137 M9β · · · · · · · · · · · · · · · 1.12±0.01 1.11±0.01 · · · 1.07±0.01 0.97±0.01
23520507–1100435 M8β · · · · · · · · · · · · · · · 1.11±0.01 1.05±0.01 · · · 1.07±0.01 0.98±0.01
Very Low-Gravity (γ or δ)
00182834–6703130 L0 γ 6.1±1.0 3.8±1.2 4.0±1.6 1.3±1.3 1.4±1.1 1.06±0.01 1.34±0.02 1.09±0.02 1.03±0.01 1.02±0.01
00191296–6226005 L1 γ 8.8±1.5 5.7±1.4 5.6±1.6 4.2±2.1 3.8±1.6 1.13±0.01 1.29±0.01 1.18±0.02 1.11±0.01 1.00±0.01
00464841+0715177 L0 δ 7.5±1.0 3.3±1.1 3.5±1.3 2.4±1.0 1.7±0.9 1.06±0.01 1.27±0.01 1.12±0.01 1.05±0.01 0.98±0.01
01205114–5200349 L1 γ 5.1±1.1 5.2±1.4 6.5±1.7 4.6±2.1 2.7±1.3 1.13±0.01 1.27±0.01 1.14±0.01 1.08±0.01 1.01±0.01
01265327–5505506 M6 γ 7.3±1.6 −0.4±0.4 0.8±0.6 1.2±0.9 1.1±0.6 1.07±0.01 1.01±0.01 1.05±0.01 1.05±0.01 0.98±0.01
02265658–5327032 L0 γ 6.6±1.4 3.8±1.4 4.8±1.4 3.2±1.5 2.7±1.1 1.07±0.01 1.30±0.01 1.13±0.01 1.06±0.01 0.93±0.01
02410564–5511466 L1 γ 5.1±1.1 5.0±1.3 5.7±1.5 3.5±1.8 3.6±1.4 1.19±0.01 1.26±0.01 1.15±0.01 1.10±0.01 0.97±0.01
03264225–2102057 L5β/γ · · · · · · · · · · · · · · · 1.28±0.11 1.08±0.04 · · · 1.12±0.02 0.94±0.02
04185879–4507413 L3 γ 7.7±2.5 6.6±2.0 8.8±2.1 5.7±3.0 4.5±1.9 1.08±0.01 1.31±0.01 1.18±0.02 1.08±0.01 0.94±0.01
04400972–5126544 L0 γ 9.2±1.6 4.9±1.1 5.2±1.5 0.5±1.5 2.5±1.2 1.11±0.01 1.30±0.01 1.20±0.01 1.09±0.01 1.05±0.01
04493288+1607226 M9 γ 10.6±1.3 4.2±1.5 3.9±1.4 3.1±1.4 2.9±1.1 1.07±0.01 1.16±0.01 1.10±0.04 1.05±0.01 1.00±0.01
05123569–3041067 M6.5 γ 5.9±1.0 0.8±0.4 1.7±0.8 4.0±1.6 0.4±0.6 1.07±0.01 1.02±0.01 1.05±0.01 1.02±0.01 0.98±0.01
07202582–5617224 M6 γ 5.4±0.8 0.9±0.6 1.8±0.8 2.1±1.1 2.0±0.6 1.05±0.01 1.00±0.01 1.05±0.01 1.04±0.01 0.99±0.01
08561384–1342242 M8 γ 7.6±1.1 1.6±1.0 3.9±1.2 2.5±0.9 2.9±0.9 1.12±0.01 1.12±0.01 1.12±0.01 1.06±0.01 0.98±0.01
10284580–2830374 M6 γ 3.9±0.6 0.3±0.3 1.5±0.4 1.0±0.3 0.6±0.3 1.04±0.01 1.00±0.01 1.04±0.01 1.02±0.01 1.01±0.01
10455263–2819303 M6 γ 4.2±0.7 0.8±0.4 1.5±0.5 1.1±0.3 1.0±0.3 1.05±0.01 1.01±0.01 1.05±0.01 1.03±0.01 1.01±0.01
11064461–3715115 M9 γ 6.3±1.0 0.7±0.7 2.1±0.9 1.7±0.7 1.4±0.7 1.06±0.01 1.14±0.01 1.04±0.01 1.05±0.01 1.02±0.01
11083081+6830169 L1 γ 9.5±1.2 6.2±1.2 7.2±1.4 5.2±1.1 4.8±1.0 1.30±0.01 1.28±0.01 1.14±0.02 1.11±0.01 0.95±0.01
12074836–3900043 L1 δ · · · · · · · · · · · · · · · 1.02±0.02 1.26±0.02 · · · 1.05±0.02 1.00±0.02
12474428–3816464 M9 γ · · · · · · · · · · · · · · · 1.05±0.01 1.10±0.01 · · · 1.05±0.02 0.99±0.01
12574941–4111373 M6 γ 8.0±1.4 0.0±0.6 1.8±0.8 0.6±0.8 1.9±0.6 1.03±0.01 1.01±0.01 1.03±0.01 1.06±0.01 0.99±0.01
13582164–0046262 M5.5 γ 6.6±0.9 1.0±0.6 2.6±0.8 1.4±0.4 1.4±0.5 1.07±0.01 1.00±0.01 1.05±0.01 1.03±0.01 0.99±0.01
14252798–3650229 L4 γ · · · · · · · · · · · · · · · 1.22±0.02 1.11±0.01 · · · 1.11±0.02 0.94±0.01
19350976–6200473 L1 γ 5.9±2.0 4.9±2.0 5.9±1.7 0.8±3.8 4.2±1.9 1.11±0.01 1.35±0.01 1.09±0.01 1.09±0.01 1.01±0.01
20113196–5048112 L3 γ 5.4±1.5 1.3±1.4 0.5±1.5 · · · 1.2±1.3 1.15±0.01 1.31±0.01 1.13±0.02 1.05±0.01 0.98±0.01
20282203–5637024 M8.5 γ 4.5±0.7 1.1±0.7 2.8±0.9 2.2±1.0 1.3±0.7 1.02±0.01 1.12±0.01 1.10±0.01 1.00±0.01 1.01±0.01
20334473–5635338 L0 γ 5.7±1.2 5.1±1.3 5.8±1.4 2.9±2.1 2.7±1.6 1.14±0.01 1.27±0.01 1.16±0.02 1.09±0.01 0.96±0.01
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TABLE 5 — Continued
2MASS Spectral Equivalent Widths (Å) Spectral Indices (Allers & Liu 2013)
Designation Type Na I 1.138µm K I 1.169µm K I 1.177µm K I 1.244µm K I 1.253µm FeHZ VOZ FeHJ KIJ H–cont
21543454–1055308 L5β/γ · · · · · · · · · · · · · · · 1.27±0.04 1.04±0.03 · · · 1.06±0.02 0.92±0.01
22025794–5605087 M9: γ 9.5±1.6 3.9±1.2 7.0±1.6 2.9±2.4 2.4±1.3 1.12±0.01 1.13±0.01 1.12±0.02 1.05±0.01 1.02±0.01
22064498–4217208 L4 γ · · · · · · · · · · · · · · · 1.11±0.03 1.09±0.04 · · · 1.08±0.02 0.97±0.01
22351658–3844154 L1.5 γ 5.5±1.0 4.1±1.3 4.9±1.3 1.1±1.5 2.0±1.0 1.05±0.01 1.31±0.02 1.11±0.01 1.04±0.01 0.97±0.01
23255604–0259508 L1 γ · · · · · · · · · · · · · · · 1.16±0.01 1.16±0.01 · · · 1.07±0.02 0.93±0.01
23433470–3646021 L3–L6 γ 8.1±1.4 6.0±1.1 6.6±1.1 0.5±1.6 2.9±1.2 1.24±0.01 1.03±0.01 1.13±0.02 1.07±0.01 0.97±0.01
23532556–1844402 A M6.5 γ 6.0±1.0 0.9±0.8 1.7±1.0 1.4±1.0 1.8±0.7 1.07±0.01 1.01±0.01 1.07±0.01 1.03±0.01 1.00±0.01
TABLE 6
REVISED OPTICAL SPECTRAL TYPES AND SPECTRAL INDICES.
2MASS Optical Spectral Indices Low
Designation type K-a K-b Na-a Na-b VO-a Cs-a Cs-b TiO-b Rb-a Rb-b FeH-a CrH-a Gravitya
03164512–2848521 L1 β 3.27± 0.36b 2.90± 0.38 0.975± 0.053b 0.988± 0.059b 1.244± 0.095b 1.125± 0.036 1.071± 0.050 1.374± 0.061b 1.214± 0.075c 1.1089± 0.080b 1.254± 0.043b 1.196± 0.045b 8 (1)
03264225–2102057 L5 β/γ 4.23± 0.94b 8.80± 3.04b 1.023± 0.037b 1.064± 0.046b 0.993± 0.030b 1.44± 0.10c 1.249± 0.071 1.058± 0.022b 1.34± 0.19b 1.83± 0.27 1.345± 0.053 1.701± 0.065b 8 (1)
03421621–6817321 L4 γ 3.99± 0.61b 3.23± 0.46b 0.946± 0.031b 1.026± 0.035b 0.930± 0.054 1.011± 0.028b 1.123± 0.049c 0.873± 0.056b 1.164± 0.088b 1.281± 0.066b 1.102± 0.038b 1.284± 0.047b 10 (1)
06322402–5010349 L3 β 7.83± 1.53b 5.81± 1.29c 1.034± 0.022b 1.079± 0.036b 1.059± 0.031b 1.276± 0.066 1.020± 0.033b 1.081± 0.020b 1.316± 0.099c 1.328± 0.078c 1.214± 0.023b 1.555± 0.028b 8 (3)
11083081+6830169 L1 γ 6.1± 1.7b 2.97± 0.72b 0.909± 0.065b 1.04± 0.12b 1.20± 0.10b 1.091± 0.085c 0.970± 0.037b 1.240± 0.051b 1.32± 0.14 1.24± 0.12 1.067± 0.064b 1.324± 0.070b 9 (1)
11544223–3400390 L0 β 3.48± 0.38b 2.43± 0.25b 1.098± 0.048c 1.120± 0.054b 1.218± 0.025c 1.106± 0.024c 1.072± 0.027 1.504± 0.030b 1.113± 0.036c 1.144± 0.030c 1.135± 0.017b 1.171± 0.011 5 (5)
21572060+8340575 M9 γ 2.33± 0.23b 1.54± 0.14b 0.920± 0.037b 0.943± 0.048b 1.33± 0.14b 1.081± 0.040c 1.047± 0.041c 1.61± 0.10b 1.090± 0.085 0.797± 0.068b 0.888± 0.035b 0.990± 0.034b 9 (2)
a This column indicates the total number of spectral indices (out of 14) that are consistent with a low surface gravity. The number in parentheses indicates the total number of measurements that are consistent with an intermediate surface
gravity.
b This index is consistent with a low gravity at this spectral type.
c This index is marginally consistent with a low gravity at this spectral type (the measurement is consistent with a low gravity but its error bars overlap with the field population).
20 Gagné et al.
However, Allers & Liu (2013) noted that their index-based
classification scheme should not be significantly contami-
nated by old, dusty brown dwarfs, which makes this last hy-
pothesis less likely.
In Figure 4, we show a histogram of all previously known
low-gravity dwarfs along with new discoveries or confirma-
tions of low gravity that are presented here. It might seem
surprising that we did not identify any new low-gravity L2
dwarfs, however this is likely the effect of small number
statistics and the fact that we still lack a template for the
L2β spectral type, e.g., some low-S/N low-gravity objects
presently typed as L1: and L3: might turn out to be L2 dwarfs
when more data becomes available. We anticipate our visual-
based low-gravity classification scheme to improve as more
data is obtained. If we account for the measurement errors on
our spectral types using gaussian probability density functions
(which softens the gap at L2) and use Poisson statistics to as-
sess the significance of this lack of L2 dwarfs, we find that the
differences between the number of known low-gravity L1, L2
and L3 dwarfs is insignificant (at the level of 0.2σ).
In Figures 5 and 6, we compare all new low-gravity confir-
mations with the field and low-gravity sequences defined by
Allers & Liu (2013). The individual values for these gravity-
sensitive spectroscopic indices are listed in Table 5. There
are 7 objects in our sample that did not have a discussion
of low gravity in the literature and for which optical spectra
were available in the Ultracool RIZzo Spectral Library. We
used them to revise their spectral types and measure gravity-
sensitive optical indices defined by Kirkpatrick et al. (1999)
and Cruz et al. (2009). These results, based on optical data
only, are presented in Table 6. The new spectroscopic obser-
vations presented here (95 from BASS, 26 from LP-BASS and
120 from PRE-BASS) allowed us to uncover a total of 108
new M6–L5 low-gravity dwarfs, doubling the number of such
known objects (98 before this work).
In addition to several new candidate members of YMGs,
we report here that 2MASS J14252798–3650229 (DENIS-
P J142527.97-365023.4) is a new low-mass BD bona fide
member of ABDMG. This object was identified by Kendall
et al. (2004) as an L5 dwarf with an estimated spectro-
photometric distance of ∼ 10 pc. Blake et al. (2010) mea-
sured an RV of 5.37±0.25 km s−1 and Dieterich et al. (2014)
measured a trigonometric distance of 11.57±0.11 pc. Gagné
et al. (2015) reported that the galactic position and space ve-
locities of this object are a very good match to ABDMG
(Figure 7), suggesting that it would be a new bona fide
member if low gravity would be confirmed. They also in-
dicated that its NIR colors are redder than those of field
dwarfs of the same spectral type, which hints at low grav-
ity. The low gravity is indeed readily apparent in the new
SpeX prism spectrum that we obtained for this object (Fig-
ure 8): both a visual comparison and the index-based classi-
fication of Allers & Liu (2013) indicate that this object is an
L4 γ dwarf. We conclude that 2MASS J14252798–3650229
is a new bona fide member of ABDMG, making it the sec-
ond latest-type confirmed member of this moving group after
the L7β member WISEP J004701.06+680352.1. At the age
of ABDMG, 2MASS J14252798–3650229 has an estimated
mass of 26.6+0.3−1.0 MJup.
5.1. Updated YMG Membership
It is possible to use the spectral type information as well as
the youth of candidate members determined from the spec-
troscopic follow-up presented here as additional inputs in
FIG. 4.— NIR Spectral type histogram of all known low-gravity dwarfs and
those presented in this work. Green bars delimited by dashed lines represent
the known population prior to BASS, purple bars delimited by dash-dotted
lines represent known dwarfs for which low-gravity features were identified
here for the first time, and orange bars delimited by solid lines represent new
discoveries from BASS. The BASS survey has contributed significantly in in-
creasing the number of known low-gravity M6–L5 dwarfs.
BANYAN II to refine estimates of distance, RV and YMG
membership and contamination probabilities. Spectral types
are used to assess if the absolute W1 magnitude of a tar-
get is consistent with its spectral type at the statistical dis-
tance that corresponds to a given YMG membership (using
distinct sequences for field and low-gravity dwarfs; see Pa-
per V), whereas prior knowledge of youth reduces the num-
ber of potential contaminants from the field and thus improves
the probability that the object belongs to a YMG. We reject
all objects with spectral types ≥M5 that display no signs of
low gravity (17 in BASS, 7 in LP-BASS and 41 in PRE-BASS),
since this implies an age older than the Pleiades (∼ 120 Myr;
Cruz et al. 2009; Allers & Liu 2013) and is not consistent with
membership to any YMG considered here. These updated re-
sults are listed in Table 4, and individual objects of interest
are discussed in the Appendix.
5.2. X-Ray Luminosity
We followed up several objects that turned out to have spec-
tral types earlier than expected, some of them (≤ M5) to the
point where current NIR and optical index-based methods are
unable to determine whether they are likely young or field ob-
jects. In this section, we take advantage of the ROSAT bright
and faint source catalogs (Voges et al. 1999, 2000; VizieR cat-
alogs IX/10A and IX/29) to assess whether these objects are
young candidate members of YMGs or field interlopers.
Malo et al. (2014a) demonstrated that the distribution of ab-
solute X-ray luminosity for M0–M5 dwarf members of AB-
DMG and βPMG is significantly distinct from that of field
M0–M5 dwarfs. In particular, they showed that βPMG mem-
bers are ∼ 4 times more X-ray luminous than ABDMG mem-
bers, a factor that goes up to & 40 when instead compared
with field dwarfs. We investigated whether any of our M0–
M5 candidate members listed in Table 4 display X-ray emis-
sion by cross-matching their 2MASS position with the ROSAT
catalogs with a 15” search radius. We computed the absolute
X-ray luminosity for all X-ray sources recovered this way, us-
ing trigonometric distances when possible or kinematic dis-
tances otherwise.
We have identified ROSAT entries for only three ob-
jects: 2MASS J08540240–3051366 (M4 candidate member
of βPMG; logLX = 28.4± 0.3) has a low X-ray luminosity
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(a) FeHZ (b) H-cont
(c) VOZ (d) KIJ
FIG. 5.— Low-resolution (R& 75) gravity-sensitive NIR indices defined by Allers & Liu (2013) for all intermediate-gravity (green circles) and very low-
gravity (red diamonds) dwarfs from the BASS sample. This sample consists mainly of new discoveries and known dwarfs with a new low-gravity classification.
Previously known intermediate-gravity and low-gravity dwarfs from the samples of Allers & Liu (2013) and Manjavacas et al. (2014) are displayed as smaller,
open symbols. The thick, blue line and the pale blue region delimited by dashed, purple lines represent the field sequence and its scatter. Random offsets smaller
than 0.25 subtypes have been added to the spectral types for clarity. Lower-gravity dwarfs display (1) lower FeHZ and KIJ indices at spectral types M5.5–L6;
(2) larger H-cont indices at spectral types M5.5–L6; and (3) larger VOZ indices at spectral types L0–L4 (see text for more detail). It is readily apparent that
low-gravity dwarfs of the same spectral type can display a different set of low-gravity features, which is why a classification based on multiple gravity-sensitive
indices is necessary (Allers & Liu 2013).
compared with M3–M5 members of ABDMG or βPMG (both
have logLX ≈ 28.5 − 29.5) and could thus be a field inter-
loper (logLX ≈ 27− 28.5; see Figures 7 and 8 of Malo et al.
2014a). 2MASS J08194309–7401232 (M4.5 candidate mem-
ber of COL; logLX = 29.3± 0.4) and 2MASS J21490499–
6413039 (M4.5 candidate member of THA; logLX = 29.3±
0.3) both have X-ray luminosities consistent with an age sim-
ilar or younger than that of ABDMG, making them likely
members of their respective moving groups. We note that
2MASS J21490499–6413039 has already been reported as a
candidate member of THA by Kraus et al. 2014b, who mea-
sured its RV and found it to be consistent with other THA
members. Objects that do not have a ROSAT counterpart
do not necessarily have a low absolute X-ray luminosity, but
might be too distant or located outside of the regions covered
by the ROSAT survey.
Using the ROSAT bright catalog detection limit of 0.1 ct/s
in the 0.1–2.4 keV energy band and assuming a hardness ratio
HR1≈ 0, we can only put an upper limit of logLX = 28−29.8
on the remaining targets, which is generally not sufficient
to reject any more candidate members. Only 3/41 of these
targets (2MASS J05484454–2942551, 2MASS J06494706–
3823284 and 2MASS J07583098+1530146 AB) have
logLX < 28.5, potentially making them less interesting can-
didate members. It should be noted however that one of these
three objects (2MASS J06494706–3823284) has weak Na I
absorption consistent with a very low surface gravity. This
demonstrates how the absence from the ROSAT catalog is not
a strong enough constraint to reject any of our M0–M5 can-
didate members. Kraus et al. (2014b) has demonstrated that
surveys for M-type moving group members based on either
X-ray or UV-bright samples are incomplete because of the
sky coverage and detection limits of current X-ray and UV
catalogs.
5.3. Sources of contamination
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(a) FeHJ (b) K I 1.169µm
(c) K I 1.253µm EW (d) Na I 1.138µm EW
FIG. 6.— Moderate-resolution (R& 750) gravity-sensitive NIR indices defined by Allers & Liu (2013) for all intermediate-gravity and very low-gravity dwarfs
from the BASS sample. Symbols and color coding are identical to those of Figure 5. Lower-gravity dwarfs display weaker alkali and FeH absorption features,
which results in lower Na I and K I EWs and a lower FeHJ index.
In Paper II, we demonstrated that a fraction of candidate
members identified by the BANYAN II tool are expected to
be field interlopers, especially if no prior knowledge is avail-
able on age. This fraction of contaminants is dependent on
the YMG considered: ARG, ABDMG and βPMG are ex-
pected to be the most contaminated, mostly due to their prox-
imity and their overlap with the galactic plane. Counting the
fraction of low-gravity dwarfs in the spectroscopic follow-up
presented here allows us to estimate minimal contamination
rates of 18% and 33% in the BASS and LP-BASS samples, re-
spectively. These values are slightly larger than the estimates
that we derived in Paper V (12.6% for BASS and 26% for LP-
BASS). The most likely explanation is that the kinematic dis-
tribution of field BDs is not perfectly reproduced by the Be-
sançon galactic model, on which our previous estimates were
based. The reason why these updated estimates correspond
to a minimal contamination fraction is that some low-gravity
dwarfs in our candidate sample could still be contaminants
from associations not considered in BANYAN II, e.g., the
Ursa Majoris moving group (UMA; ∼ 300 Myr; Zuckerman
& Song 2004), the Hercules-Lyrae moving group (250 Myr;
Eisenbeiss et al. 2013), the  Chamaeleontis association (also
called Cha-Near; ∼ 10 Myr; Zuckerman & Song 2004), the
Octans association (30–40 Myr; Torres et al. 2008; Murphy &
Lawson 2015) and the Carina-Near moving group (200 Myr;
Zuckerman et al. 2006). Measurements of RV and trigono-
metric distance will be helpful to identify such contaminants.
Besides field-gravity ≥M5 dwarfs, we identified other kinds
of contaminants in our sample of candidates, based on our
new NIR spectroscopy. We uncovered a number of objects
with spectral types earlier than M5 (4 in BASS, 4 in LP-BASS
and 28 in PRE-BASS), for which there is no known reliable
low-gravity indicators in the NIR. In addition to those, we
uncovered 27 contaminants mostly in the PRE-BASS sample
(only one was found in BASS) that correspond to K- and M-
type low-mass stars reddened by interstellar dust in the line of
sight (Figure 9). A number of these are likely located in star-
forming regions, such as ρ Ophiucus (ρOPH), the Scorpius-
Centaurus Complex (SCC) and Taurus-Aurigae (TAU; Elias
1978). These objects were all rejected from the BASS sample,
mainly because (1) we avoided star-forming regions in the fi-
nal survey; and (2) the extragalactic WISE color filter defined
by Kirkpatrick et al. (2011) and the 2MASS crowding filter
defined in Paper V efficiently rejected them.
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(a) Galactic position
(b) Space velocity
FIG. 7.— Galactic position XY Z and space velocity UVW of the new AB
Doradus bona fide member 2MASS J14252798–3650229 (red point and its
projections), compared with other bona fide members of ABDMG (green
points and their vertical projections on the XY and UV planes) and the SKM
models of ABDMG (as defined in Paper II; orange ellipsoid and its projec-
tions).
6. DISCUSSION
6.1. Updated Color-Magnitude Sequences for Young
Low-Mass Stars and Brown Dwarfs
We complemented the list of all spectroscopically con-
firmed ≥ L0 dwarfs as of February 2014 (Mace 2014) and
the DwarfArchives online library8 with more recent discov-
eries, measurements of photometry in the literature and addi-
tional NIR photometry from a cross-match with 2MASS and
WISE, in order to build an up-to-date sequence of field dwarfs.
This list currently contains > 1800 published ≥ L0 low-mass
stars and BDs9. We compiled a similar list of> 8700 M6–M9
8 http://dwarfarchives.org
9 Publicly available at www.astro.umontreal.ca/~gagne/
listLTYs.php
FIG. 8.— NIR spectrum of the new L4 γ ABDMG bona fide member
2MASS J14252798–3650229 (thick black line), compared with various field
and low-gravity L4 BDs. All spectra were degraded to a resolution of R∼ 120
and normalized at their median value in the ∼ 1.27–1.33µm range. The
H-band continuum of 2MASS J14252798–3650229 has a typical triangular
shape and its global slope is particularly red, which are both telltale signs of
low gravity.
FIG. 9.— NIR spectra of typical contaminants in the PRE-BASS sample.
Resolution was degraded in the same way as described in Figure 1. All spec-
tra were normalized to their median across the full wavelength range and
shifted vertically for comparison purposes. The contaminants presented in
this figure likely correspond to background K- and M-type stars reddened by
interstellar dust. We used alternating colors for visibility.
low-mass stars and BDs10. These two lists of dwarfs con-
tain photometric data from articles referenced throughout the
present work11. In Figures 10 and 11, we compare our up-
dated population of known young low-mass stars and BDs to
the field sequence in various spectral type-color and spectral
type-absolute magnitude diagrams. We used data from the
two aforementioned lists to build the photometric sequences.
In the case of YMG candidate members that do not have a
10 Publicly available at www.astro.umontreal.ca/~gagne/
listMs.php
11 In addition to the following references: Andrei et al. (2011); Artigau
et al. (2010); Beichman et al. (2014); Burgasser et al. (2006); Burningham
et al. (2008, 2013); Castro et al. (2013); Costa et al. (2005, 2006); Cushing
et al. (2011); Deacon et al. (2014); Delorme et al. (2008a,b); Dieterich et al.
(2014); Faherty et al. (2013); Hawley et al. (2002); Kendall et al. (2007b,a);
Kirkpatrick et al. (2012); Leggett et al. (2000, 2002, 2009, 2010, 2013, 2015);
Lodieu et al. (2005, 2007); Looper et al. (2007b,a); Lucas et al. (2010); Mace
et al. (2013b,a); Marocco et al. (2010); Marsh et al. (2013); Monet et al.
(1992); Pérez-Garrido et al. (2014); Phan Bao et al. (2008); Pinfield et al.
(2008); Strauss et al. (1999); Thompson et al. (2013); Tinney et al. (2003,
2014); van Leeuwen (2007); Warren et al. (2007); Wilson et al. (2003); Zap-
atero Osorio et al. (2014); and van Altena et al. (1995)
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(a) MJ versus NIR Spectral Type (b) MH versus NIR Spectral Type (c) MKS versus NIR Spectral Type
(d) MW1 versus NIR Spectral Type (e) MW2 versus NIR Spectral Type (f) J −H versus NIR Spectral Type
(g) H −KS versus NIR Spectral Type (h) KS −W1 versus NIR Spectral Type (i) W1−W2 versus NIR Spectral Type
FIG. 10.— Absolute magnitude–NIR spectral type and color–NIR spectral type sequences for field (black diamonds) and young dwarfs (red dots when
trigonometric distances were used, or purple circles when kinematic distances were used), as well as polynomial sequences (blue and orange lines, respectively)
defined in Table 7. We used the kinematic distances obtained from the BANYAN II tool (without photometry as input) to include low-gravity candidate members
of YMGs that do not have a trigonometric distance measurement. Young dwarfs are generally brighter because of their inflated radii; however, thicker/higher dust
clouds compete with this effect at spectral types L0–L7. Low-gravity L dwarfs are systematically redder than their field counterparts because of thicker/higher
dust clouds in their photosphere.
trigonometric distance measurement, we used the statistical
distance from BANYAN II, associated with the most proba-
ble YMG hypothesis. In each case, we calculated the error-
weighted median sequence in bins of 1 subtype and adjusted
a polynomial relation by minimizing the χ2 value. We list
in Table 7 the coefficients of these polynomial fits as well as
the respective standard deviation of the data with respect to
the best fit. We note that our field sequences are slightly red-
der than those derived from samples based on the Sloan Dig-
ital Sky Survey (SDSS; York et al. 2000) such as those pre-
sented by West et al. (2008) and Schmidt et al. (2015). This is
true because SDSS-based surveys rely directly on spectra and
are thus un-biased, whereas other surveys based on 2MASS
and/or WISE (e.g., Cruz et al. 2003; Reid et al. 2008; Kirk-
patrick et al. 2011) perform a spectroscopic follow-up only
on targets that were pre-selected from color cuts, which makes
them biased towards detecting red objects more easily. Since
2MASS- and WISE-based surveys dominating the population
of L dwarfs identified in the literature, our field sequences
are consequently redder than those based on SDSS samples.
This effect is also demonstrated in Figure 3 of Schmidt et al.
(2010).
The radii of young low-mass stars and BDs are inflated
compared with old objects of the same spectral type. For this
reason, it could be expected that young absolute magnitude
sequences fall above the field sequences across all spectral
types. However, starting at spectral type ∼L0, dust clouds
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(a) J −KS versus NIR Spectral Type (b) J −W1 versus NIR Spectral Type (c) J −W2 versus NIR Spectral Type
(d) H −W1 versus NIR Spectral Type (e) H −W2 versus NIR Spectral Type (f) KS −W2 versus Spectral Type
FIG. 11.— Additional color–NIR spectral type sequences for young and field dwarfs as well as polynomial sequences defined in Table 7. The color scheme is
identical to that of Figure 10 except that all young dwarfs are displayed with purple circles.
FIG. 12.— Spectral type at which the young and field absolute magnitude
polynomial sequences cross (see Figure 10), as a function of the effective
wavelength in which each sequence is defined. Young dwarfs are systemati-
cally brighter than their field counterparts because of their inflated radii; how-
ever, dust clouds are thicker in the high atmosphere of young L dwarfs, which
counter-balances this effect and causes the young sequence to cross the field
sequence. The fraction of Monte Carlo steps where the sequences crossed is
indicated next to a given data point; see text for more detail. Dust clouds are
more opaque in the J band (∼ 1.2µm), hence the crossing point for this se-
quence happens at earlier spectral types. At longer wavelengths (∼ 4.5µm),
dust clouds do not have as much effect. This causes the sequences to cross
less often and when they do, they cross at later spectral types.
form in the photosphere of BDs. Young BDs have a lower
atmospheric pressure, which allows the formation of thick
clouds higher in their atmosphere (Kirkpatrick et al. 2006;
Looper et al. 2008b). As a result, a fraction of the NIR light
at ∼ 0.5–3µm gets redirected to longer wavelengths, causing
young BDs to display similar absolute J magnitudes to those
of field BDs around spectral type ∼L0, as well as absolute
J magnitudes even fainter than those of field dwarfs at later
spectral types (Faherty et al. 2012, 2013; Liu et al. 2013a;
Zapatero Osorio et al. 2014). We could expect that this ef-
fect will eventually cease around spectral type T, where dust
clouds fall below the photosphere. This has yet to be demon-
strated, because there is only a very small number of young
T dwarfs currently known (e.g., Delorme et al. 2012; Naud
et al. 2014). In Figure 12, we show the spectral type at which
the young and field sequences cross as a function of spectral
band. Horizontal error bars represent the effective width of
the photometric filters and vertical error bars are drawn from
a 10 000-step Monte Carlo simulation, introducing noise in
the data that is representative of photometric uncertainties and
repeating the polynomial fit every time. Cases where the se-
quences do not cross are not included in the calculation of the
median and standard deviation of the crossing points. We note
that the fraction of Monte Carlo steps where the sequences
cross significantly decreases at increasing wavelengths. This
is explained by the fact that the photometric sequences be-
come gradually disjointed in the spectral range considered; it
is thus possible that in reality the sequences generally cross at
spectral types ≥L7 (or not at all) in the W1 and W2 bands.
This figure shows a clear correlation which indicates that
flux is redistributed out to longer wavelengths in low-gravity
dwarfs, a likely effect of the dust clouds (J. K. Faherty et al.,
in preparation). This is a known effect which is in part due
to the larger opacity from the H2O, CO and H2 molecules at
wavelengths larger than∼ 1µm that are masking the effects of
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FIG. 13.— NIR CMD for young (red dots when trigonometric distances were used, or purple circles when kinematic distances were used) and field (black
diamonds) low-mass stars and BDs. The young and field sequences are displayed with the dashed blue line and the solid orange-red line, respectively (see text for
more detail). The young sequence is systematically shifted compared to field dwarfs because of the combined effect of larger radii and thicker/higher clouds. Blue
stars indicate the positions of known low-mass BDs and directly imaged exoplanets (Thalmann et al. 2009; Janson et al. 2011; Delorme et al. 2013; Kuzuhara
et al. 2013; Skemer et al. 2012; Biller et al. 2013; Bonnefoy et al. 2014; Males et al. 2014; Bowler et al. 2013; Luhman et al. 2009; Carson et al. 2013; Chauvin
et al. 2005; Marocco et al. 2014; Naud et al. 2014; Marois et al. 2008; Chauvin et al. 2004; Goldman et al. 2010; Lagrange et al. 2010; Delorme et al. 2012; Goto
et al. 2002; Luhman et al. 2007; Bowler et al. 2014; Wahhaj et al. 2011; Currie et al. 2014; Kraus et al. 2014a; Artigau et al. 2015; and references therein).
clouds (Ackerman & Marley 2001). The BT-Settl isochrones
(Allard et al. 2013; Baraffe et al. 2003) do not reproduce this
effect, as the young (≤ 100 Myr) and old (≥ 1 Gyr) isochrones
do not cross in neither of the J, H or KS bands over the range
of effective temperatures that correspond to the M and L spec-
tral types (∼ 1300–3000 K; Stephens et al. 2009).
In Figure 13, we show a MJ versus J−K CMD in the Mauna
Kea Observatories NIR filter system (MKO; Simons & Toku-
naga 2002) for low-gravity and field dwarfs. When MKO pho-
tometry was not available, we used 2MASS photometry with
the conversion relations of Stephens & Leggett (2004; L and
T dwarfs) and Leggett et al. (2006; M dwarfs). The combined
effects of redder colors due to thicker/higher clouds (Marley
et al. 2002) and brighter absolute J magnitude due to inflated
radii cause a systematic shift of the low-gravity sequence to
the right compared to the field sequence. This Figure brings
into evidence the fact that the currently known population of
young BDs does not reach a color reversal similar to the L/T
transition of field dwarfs (at J −K ∼ 1.8 and MJ ∼ 14.5), cor-
responding to the temperature at which dust clouds fall below
the photosphere (Barman et al. 2011a; Dupuy & Liu 2012;
Faherty et al. 2012, 2013; Bonnefoy et al. 2013; Liu et al.
2013a; Zapatero Osorio et al. 2014; Males et al. 2014). We
chose this parameter space because a significant amount of
data are available in these filters and it is very efficient in dis-
playing this color reversal. It can be expected that a color re-
versal would eventually be reached for young dwarfs around
the T spectral type, corresponding to cooler temperatures than
the currently known population. The coolest known directly
imaged young exoplanets and low-mass BDs (blue stars in
Figure 13) tentatively hint at such a color reversal.
Since J−K and MJ are generally correlated for a given spec-
tral type, the (J −K)–spectral type and MJ–spectral type rela-
tions listed in Table 7 are not the best representation for the
low-gravity and field sequences in this CMD diagram. In the
case of the young sequence, the absence of a color reversal
allowed us to simply fit a polynomial sequence to the young
dwarfs directly in the MJ–(J −K) space; however, the field se-
quence cannot be represented by a simple polynomial relation
across the M6–T9 range. We used a Markov Chain Monte
Carlo algorithm to construct a parametrized polynomial se-
quence that fits the field sequence across its complete spec-
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tral range. We started from a parametrized equation obtained
from the combination of the J − K and MJ polynomial rela-
tions described in Table 7, and allowed the eight coefficients
of each dimension to vary such that the sequence minimizes
the quadrature sum of the bi-dimensional distance of all indi-
vidual field dwarf positions in the CMD diagram relative to
their error bars. This results in a parametrized sequence that
describes J −K and MJ as a function of the parametric vari-
able λ. Larger values of λ correspond to later spectral types
on average, but no relation between λ and spectral types can
be provided as the field sequence is a parametric equation that
does not assign a λ value to individual data points. We obtain:
(MJ)Young = 1.61×103 −8.92×102 (J −K)
+2.04×102 (J −K)2 −2.46×101 (J −K)3
+1.65 (J −K)4 −5.87×10−2 (J −K)5
+8.59×10−4 (J −K)6 (1)
(J −K)Field = 1.98×101 −1.55×101 λ
+5.09 λ2 −8.76×10−1 λ3
+8.68×10−2 λ4 −5.12×10−3 λ5
+1.76×10−4 λ6 −3.27×10−6 λ7
+2.53×10−8 λ8 (2)
(MJ)Field = −5.61×101 +3.73×101 λ
−8.45 λ2 +1.04 λ3
−7.64×10−2 λ4 +3.56×10−3 λ5
−1.06×10−4 λ6 +1.84×10−6 λ7
−1.43×10−8 λ8 (3)
where the young sequence is valid in the range
8.8≤MJ ≤ 14.7 and the field sequence is valid in the
range 4.5≤ λ≤ 28.5 (i.e., J ≥ −1.1 and 9.3≤MJ ≤ 19.9).
We note that the NIR colors of young BDs discovered in the
BASS and LP-BASS surveys are likely affected by a form of
the confirmation bias, in the sense that we specifically looked
for red objects in our survey (see Paper V). Hence, this new
photometric data should not be taken as additional evidence
that young BDs are redder than field BDs. Reinforcing this re-
sult would require looking for signs of low gravity in a sample
of BDs that were selected independently of their photometric
colors. Directly imaged young planets and brown dwarf com-
panions do not suffer from this potential bias however, and
their colors seem consistent with those of isolated young BDs
Chauvin et al. 2004, 2005; Barman et al. 2011a; Bonnefoy
et al. 2013; Delorme et al. 2013; Bowler et al. 2013; Currie
et al. 2014. This might be an indication that our confirmation
bias is not significant.
6.2. An Updated Investigation on the Age Dependence of
Spectroscopic Indices
Since they are the only BDs with a well calibrated age,
members of YMGs provide the exciting opportunity of cre-
ating a spectroscopic age calibration applicable to all young
BDs. Using Pleiades members and the fact that known low-
gravity BDs were located away from star-forming regions,
Kirkpatrick et al. (2008) and Cruz et al. (2009) estimated that
the very low-gravity (γ) and intermediate gravity (β) classi-
fications likely correspond to ∼ 10 Myr and ∼ 100 Myr, re-
spectively. Allers & Liu (2013) extended this investigation
by using a restrained sample of 25 M6–L5 dwarf members
of young associations. They found that very low-gravity
(γ) and intermediate-gravity (β) dwarfs likely correspond to
ages of ∼ 10–30 Myr and . 200 Myr; however, they note that
BDs with ages older than ∼ 30 Myr, such as the ∼ 120 Myr
ABDMG member 2MASS J03552337+1133437, can display
very strong signs of low-gravity that correspond to the very
low gravity (γ) classification.
We used our updated sample of low-gravity candidate mem-
bers of YMGs to investigate this further. We inspected vari-
ous spectroscopic index–spectral type relations of candidate
members of different YMGs to identify any systematic cor-
relation with age. We assigned the age of the most prob-
able YMG to our candidates, while rejecting any candidate
with ambiguous membership (Table 4). We found that the
strongest correlations with age in the ∼ 10–130 Myr range re-
sulted from: (1) the mean value of the EW of the three K I
doublets at 1.169µm, 1.177µm and 1.253µm; and (2) the
mean gravity score defined by Allers & Liu (2013). The re-
sulting sequences are presented in Figure 14. Even though
they do correlate with age on average, the scatter is too large
to allow a precise determination of the age of an individual
system from spectroscopic indices alone. We find that the
H2(K) index defined by Canty et al. (2013) does not seem to
correlate significantly with age in the 1–130 Myr range. Our
results seem to be in contradiction with the findings of Canty
et al. (2013) that the H2(K) index is sufficient to differentiate
between objects from populations of ∼ 1–2 Myr, ∼ 3–10 Myr
and field dwarfs in the M8–L0 range: we observe an overlap
of the typical values for H2(K) in populations of ∼ 1–2 Myr
and ∼ 5–15 Myr. However, our results are consistent with
H2(K) being a good gravity-sensitive index, as it discrimi-
nates between the field population and . 100 Myr dwarfs for
spectral types in the M6–L1 range, or . 130 Myr for L2–L6.
It is possible that interlopers from other young associations
not considered in BANYAN II contaminate our sample, which
would introduce noise in these relations. A full RV and paral-
lax follow-up of the candidates presented here will be needed
to assess this.
6.3. Model Comparison
We used our sample of 86 new low-gravity M6–L5 dwarfs
supplemented with 39 low-gravity and 131 field M6–L9
dwarfs from Allers & Liu (2013) and the SpeX Prism Spectral
Libraries to investigate the physical properties of our sample
of young dwarfs, using BT-Settl atmosphere models (Allard
et al. 2013; Baraffe et al. 2003). In Section 6.3.1, we focus
on effective temperatures and surface gravities obtained from
a comparison of our NIR spectra with atmosphere models. In
Section 6.3.2, we focus on the mass and radii that are obtained
from a comparison of our photometry with evolution models.
6.3.1. BT-Settl Atmosphere Models
Manjavacas et al. (2014) used BT-Settl atmosphere models
to determine the physical parameters of seven young L dwarfs
and found that (1) low-gravity L0–L3 dwarfs fit models with
similar temperatures of∼ 1800 K; (2) the continuum shape of
the H band is not well reproduced by solar-metallicity mod-
els; (3) the 1.1–2.5µm range in the zJ bands is not well repro-
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(a) Mean K I EW (b) Allers & Liu (2013) R∼ 75 mean gravity score
(c) Allers & Liu (2013) R∼ 750 mean gravity score (d) Canty et al. (2013) H2(K)
FIG. 14.— Spectroscopic indices versus NIR spectral type for YMG candidates of distinct ages in our sample, binned by spectral type (see legends for color
coding). We find that the mean EW of J-band K I and the mean gravity score defined by Allers & Liu (2013) seems to correlate with age. However, we do not
see a clear correlation in the case of the H2(K) index in the 1–130 Myr range.
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(a) 2MASS J0126–5505 (M6 γ) (b) 2MASS J0407+1546 (Field L3)
(c) 2MASS J0337–1758 (Field L4) (d) 2MASS J0030–1450 (L4–L6β)
FIG. 15.— Best-fitting BT-Settl atmosphere models for typical field and low-gravity BDs (thick, black line and gray error bars). The zJ (red line), H (purple
line) and K (yellow line) dilution factors were adjusted separately so that the goodness-of-fit is optimized (see text). We observe that BT-Settl models are generally
unable to reproduce the zJ bands or the H-band dip at ∼ 1.6µm that is due to FeH absorption.
duced by models; and (4) the global continuum slope is not
well reproduced by atmosphere models for L dwarfs.
We used a method similar to that of Cushing et al. (2008)
and Naud et al. (2014) to identify the best fitting solar-
metallicity CIFIST2011 BT-Settl atmosphere model for our
observed spectra, on a grid of effective temperature and sur-
face gravity ranging from Teff = 500–5000 K and logg = 3.0–
5.5 dex with a grid spacing of 100 K and 0.5 dex, respectively.
We computed the goodness-of-fit (Gk, j; Cushing et al. 2008)
in each case.
Cushing et al. (2008) demonstrated that Teff can only be re-
covered efficiently by performing such a model fitting on a
very large spectral range in the case of field L1–L8 dwarfs;
however, while fitting a single model spectrum in this way
allows recovering a good Teff estimate, it does not reproduce
well the general slope and the features in individual spectral
bands. Since gravity-sensitive spectral features are generally
narrow, this method will not yield good estimates of logg. We
have thus performed our model fitting in two different steps
: (1) by fitting one single BT-Settl spectrum to the full 0.8–
5µm range (WISE W1 and W2 magnitudes were added as
additional data to our spectra in order to do this); and (2) by
fitting one BT-Settl spectrum to each one of the zJ, H and K
spectral bands. The first method allowed us to obtain an es-
timate of Teff, while the second one allowed us to obtain an
estimate of logg for each object in our sample.
In order to append the WISE photometric data to an ob-
served NIR spectrum, we compute the synthetic J, H and KS
2MASS magnitudes of the spectrum and determine the three
corresponding normalization factors. We then use the me-
dian of these factors to bring back the two WISE photometric
data points to the same scale as the observed spectrum. The
dilution factor is treated as a free parameter in our analysis
so that no estimate nor measurement of distance is needed
in the model fitting. We thus choose the dilution factor that
minimizes Gk, j for each fitted model. We do so in an ana-
lytical way to decrease computing time. We thus define the
goodness-of-fit as :
Gk, j =
N∑
i=1
Wi, j
(
Fobs,i, j −Dk, jFk,i, j
σobs,i, j
)2
, (4)
where Dk, j =
∑N
i=1 Wi, j
Fobs,i, jFk,i, j
σ2obs,i, j∑N
i=1 Wi, j
F2k,i, j
σ2obs,i, j
, (5)
Wi, j =
d lnλ
dx
∣∣
x=xi, j∑N
i′=1
d lnλ
dx
∣∣
x=xi′ , j
, (6)
where xi, j is the pixel number (i.e., the spectral position), j
is the index of the spectral band (i.e., zJ, H or K, applicable
only when we fit by individual bands), k is the atmosphere
model index (each value of k corresponds to a given combi-
nation of Teff and logg), N is the total number of pixels in
the fitting range, λ is the wavelength (µm), Wi, j are the nor-
malized weight factors, Dk, j is the dilution factor that mini-
mizes Gk, j, Fobs,i, j and σobs,i, j are the observed spectrum and
its measurement error, and Fk,i, j is an atmosphere model. The
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(a) Adopted Teff versus NIR spectral type (using WISE data) (b) logg versus NIR spectral type
(c) JH-band Teff versus NIR spectral type (without WISE data) (d) K-band Teff bias
FIG. 16.— Panel a: Adopted effective temperature (Teff) derived by simultaneously fitting atmosphere models to full JHK spectra and WISE photometry as a
function of spectral type for our sample of field and low-gravity dwarfs, binned by spectral type. The number of data points that were included in each bin is
displayed above each symbol. Field dwarfs are represented with black circles, intermediate gravity dwarfs (β) with green diamonds and very low-gravity dwarfs
(γ) with purple downside triangles. We added small systematic offsets in the spectral types of very low-gravity and field dwarfs for visibility. The solid orange
line, green dashed line and fuchsia dash-dotted lines represent Teff–spectral type relations from Marocco et al. (2013); Golimowski et al. (2004); Looper et al.
(2008a) and Stephens et al. (2009), respectively. We derive systematically cooler temperatures for young BDs. Panel b: Adopted surface gravity (logg) as a
function of spectral type for our sample of field and low-gravity dwarfs, binned by spectral type. The color coding is similar to that of Panel a. The derived logg
values for dwarfs with spectroscopic confirmation of low-gravity are systematically lower than those of field dwarfs; however, the large scatter hints that model
fitting alone is not an efficient way of identifying low-gravity dwarfs. Panel c: Effective temperature, derived by fitting atmosphere models to individual zJ- and
H-bands only without WISE photometry, as a function of spectral type for our sample of field and low-gravity dwarfs, binned by spectral type. Color-coding is
identical to Panel a. We derive temperatures systematically cooler for all L0–L4 dwarfs including field dwarfs, a likely effect of dust clouds not being properly
reproduced by BT-Settl models. Panel d: Difference in the derived effective temperature from the K-band model fitting from that obtained by individual zJ- and
H-bands model fitting (all without using WISE photometry), binned by spectral type. Color-coding is identical to Panel a and the red dot-dashed lines marks
∆Teff = 0. We derive systematically warmer temperatures when fitting atmosphere models to only the K band of L0–L4 BDs.
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(a) Mass versus Radius
(b) Mass versus NIR Spectral Type (c) Radius versus NIR Spectral Type
FIG. 17.— Panel a: Radius as a function of mass for intermediate-gravity (green diamonds) and very low-gravity (purple downside triangles) candidate members
of YMGs, derived from the BT-Settl models, compared with exoplanets and BD companions that benefit from transit and RV data (orange circles). Isochrones of
various ages (gray lines; 10 Myr to 8 Gyr) were added for comparison. It can be seen that our sample overlaps with the planetary regime, and follow isochrones
that correspond to the ages of YMGs considered here. Very low-gravity objects have a younger age on average compared with intermediate-gravity objects, which
explains that they have larger radius for a given mass. Transit and RV data were obtained from Stassun et al. (2006); Sahu et al. (2006); Deleuil et al. (2008);
Winn et al. (2008); Buchhave et al. (2010); Southworth (2010); Bouchy et al. (2011b); Tingley et al. (2011); Bouchy et al. (2011a); Bakos et al. (2011); Buchhave
et al. (2011); Deleuil et al. (2012); Siverd et al. (2012); Cappetta et al. (2012); Triaud et al. (2013); Díaz et al. (2013); Hébrard et al. (2013); Moutou et al. (2013);
Blecic et al. (2013); Parviainen et al. (2014); Díaz et al. (2014); Shporer et al. (2014); Littlefair et al. (2014); Montet et al. (2014); and Quinn et al. (2014).
Panel b: Mass as a function of spectral type for intermediate-gravity (green diamonds) and very low-gravity (purple downside triangles) candidate members of
YMGs, compared with BT-Settl isochrones (gray lines; 10 Myr to 8 Gyr) from which the masses were derived. The isochrones were mapped on the spectral
type dimension by converting effective temperatures to spectral types using the polynomial relation of Stephens et al. (2009). Panel c: Radius as a function
of spectral type for intermediate-gravity (green diamonds) and very low-gravity (purple downside triangles) candidate members of YMGs, compared with radii
measurements from Dieterich et al. (2014; orange circles). BT-Settl isochrones of various ages (gray lines; 10 Myr to 8 Gyr), which were used to derive our
radii, were added for comparison. They were mapped on the spectral type dimension by converting effective temperatures to spectral types using the polynomial
relation of Stephens et al. (2009). The radii measurements of Dieterich et al. (2014) are all based on a comparison of the synthetic colors of atmosphere models
with photometric measurements combined to trigonometric parallaxes. Their data consists in a majority of field objects. It can be seen that we determine radii
that are consistent with the young ages of our objects when comparing to isochrones; however, the radii measurements of Dieterich et al. (2014) for dwarfs later
than ∼L2 yield larger values than those predicted by field-age evolution models alone (see Dieterich et al. 2014 for more detail).
32 Gagné et al.
weights are chosen to ensure that equal wavelength ranges in
log space equally contribute to the goodness-of-fit. For ex-
ample, a broadband photometric measurement or one pixel of
a low-dispersion spectroscopic order would be given a larger
weight than one pixel of a high-dispersion spectroscopic or-
der as it covers a larger wavelength range. Cushing et al.
(2008) introduced this weighting method except that it was
not done in log space; Naud et al. (2014) noted that the log
space provides a more physically meaningful scale (i.e. using
the log space prevents a bias that would be caused by working
in wavelength space rather than frequency space).
We calculated errors on the adjusted parameters al (i.e., Teff
and logg) from Wolberg (2006; p.50) :
σal ,k, j =
√
N
N −2
Gk, j C−1l,l,k, j with (7)
Cl,m,k, j =
N∑
i=1
Wi, j
∂
∂al
(
Dk, jFk,i, j
) ∂
∂am
(
Dk, jFk,i, j
)
, (8)
where Cl,m,k, j are elements of the correlation matrix. Equa-
tion (7) and the equivalent expression of Wolberg (2006) dif-
fer by a factor
√
N to compensate for our use of normalized
weights in Equation (4). These error estimates do not take
into account any systematic error in either our observations or
the BT-Settl atmosphere models, and are thus only based on
the variation of the goodness-of-fit with respect to each pa-
rameter. We show a few typical examples of per-band model
fitting in Figure 15.
As noted by Manjavacas et al. (2014), we find that the BT-
Settl models generally fail to accurately reproduce the zJ-
bands spectra of L dwarfs, especially at wavelengths smaller
than ∼ 1µm; the general slope seems to be in agreement, but
a high-gravity solution is almost always preferred for all L
dwarfs. Moreover, the FeH absorption features at ∼ 1.6µm
are not present at all in the atmosphere models, which could
be explained by missing opacity sources in the synthetic mod-
els. For this reason, we have only kept results from the H and
K bands to determine logg. The adopted logg value is thus de-
termined from the weighted mean of the values obtained from
the H-band and K-band fitting, where the weights are set to
the total values of Wi, j (see Equation 6) within the fitting range
divided by the inverse square of the individual measurement
errors. This corresponds to the optimal weights that account
both for the measurement error and the wavelength range used
in the fitting process. Both the measurements and errors were
rounded to the nearest half-integer and to the nearest factor of
100 K in the case of logg and Teff, respectively. We imposed
a floor on measurement errors that correspond to the grid size
of our BT-Settl models, i.e. 0.5 and 100 K for logg and Teff.
Our adopted Teff and logg values are listed in Table 8 for
our complete sample of low-gravity and field dwarfs. In
Figures 16(a), we show the spectral type–Teff sequence that
we obtain, compared to various sequences from the litera-
ture (Stephens et al. 2009; Golimowski et al. 2004; Marocco
et al. 2013). We find Teff values that are consistent with
the literature across the full range of spectral types, ex-
cept for low-gravity objects which seem to be systematically
cooler. This might be an additional indication that low-gravity
brown dwarfs have cooler effective temperatures compared
with field brown dwarfs of the same spectral types, an ef-
fect that was previously hypothesized and then demonstrated
for the young, directly-imaged BD and exoplanet compan-
ions HD 203030 B, TWA 27 b, HR 8799 b and β Pictoris b
(Metchev & Hillenbrand 2006; Barman et al. 2011a,b; Males
et al. 2014), as well as for young brown dwarfs (Faherty et al.
2012; Liu et al. 2013b; Joseph C. Filippazzo et al., submitted
to ApJ).
In Figure 16(b), we show the spectral type–logg sequence
that we obtain for low-gravity and field dwarfs. The logg val-
ues that we derive for our low-gravity sample are systemati-
cally lower than those of our field sample, as expected. How-
ever, we observe a large scatter in the logg values of low-
gravity dwarfs, although they are lower on average. This in-
dicates that the model fitting method that we described above
might not be very efficient in recovering low-gravity dwarfs in
an ensemble of NIR spectra. Additionally, we derive slightly
lower logg values for field dwarfs with spectral types M7 and
L3–L6, indicating that the false positive rate might be larger
when identifying low-gravity dwarfs based solely on model
fitting in this range of spectral types. Our results also ten-
tatively indicate that M7 dwarfs are systematically better fit
by low-gravity atmosphere models, however this is based on
only three objects and is thus possibly an effect of small num-
ber statistics.
We tried to reproduce the results of Cushing et al. (2008)
showing that fitting individual bands yield systematically off-
set Teff values, and to extend this result to our full M6–L9
range as well as to low-gravity dwarfs. In Figure 16(c), we
show the spectral type–Teff sequence that we obtain if we com-
bine the zJ- and H-band measurements in a weighted mean
(using similar weights than described above for logg). We
show that the systematic offsets in Teff values derived with this
method are significant in the M9–L5 range, and independent
of surface gravity. In Figure 16(d), we compare the difference
of Teff values obtained from zJ- and H-band fitting to those
obtained from the K-band fitting only. We show that Teff val-
ues derived from the K-band only are systematically warmer
in the M9–L5 range. The values of Teff obtained from K-band
fitting only are thus closer to those presented in Figure 16(a),
except that the scatter is much larger. These results confirm
the findings of Cushing et al. (2008), while extending them to
earlier spectral types (down to M9) and seem to indicate that
the zJ and H bands are the most likely cause of the systematic
offset in Teff.
It will be interesting to investigate whether fixing the Teff
value using a large spectral coverage, and subsequently de-
termining the best logg value using wavelength regions sig-
nificantly smaller than a spectral band that are known to be
gravity-sensitive, might provide a better way to determine ac-
curate logg values for L dwarfs. This will be the subject
of a future work, along with repeating this analysis with fu-
ture generations of BT-Settl atmosphere models that include a
more realistic treatment of dust clouds (see Manjavacas et al.
2014 for a discussion on this topic).
6.3.2. Evolution Models
We estimated the physical parameters (mass, radius, Teff,
logg) of all low-gravity candidate members presented here
from a comparison of their absolute 2MASS and WISE pho-
tometry with isochrones from CIFIST2011 BT-Settl models
using a likelihood analysis. The age range of the most proba-
ble host YMG was used in each case, and statistical distances
from BANYAN II are used when a trigonometric distance
is not available. These models do not account for magnetic
fields and assume a hot-start formation (large initial entropy).
Both effects could cause a systematic underestimation of mass
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(Konopacky et al. 2010; Stassun et al. 2012; Marleau & Cum-
ming 2014; Malo et al. 2014b). However, it has been demon-
strated that BD masses derived from evolution models are sys-
tematically too large when compared to dynamical mass mea-
surements (Lane et al. 2001; Bouy et al. 2004; Dupuy et al.
2009a,b,c, 2010, 2014, 2015). This seems in contradiction
with what would be expected from the model limitations de-
scribed above; instead, it is likely that the cooling rate of BDs
is slowed down by atmospheric clouds, an effect that is not
taken into account in current evolution models (Dupuy et al.
2015).
The resulting physical parameters are presented in Table 8.
This allowed us to compile a total of 25 objects with an es-
timated mass in the planetary regime (< 13 MJup); they are
individually discussed in the Appendix. These objects are all
likely located within 10–60 pc and will constitute a sample
of choice for a detailed study of the connection between the
physical properties of BDs and giant, gaseous exoplanets, e.g.
using the James Webb Space Telescope (Gardner et al. 2006).
In Figure 17, we compare the masses and radii estimated
for the objects in our sample with those of other known ex-
oplanets and young BDs, as well as with BD radii measured
by Dieterich et al. (2014). We show that our sample overlaps
with the regime of giant, gaseous exoplanets. Our sample dis-
plays inflated radii and lower masses than field dwarfs, for
given spectral types, which is expected for young, low-gravity
low-mass stars and BDs.
6.4. Space Density at the Deuterium-Burning Limit
Late-type members of YMGs provide the opportunity of
measuring the low-mass end of the IMF which is still poorly
constrained. The BASS survey is still not complete enough to
construct individual IMFs for the YMGs under study, but we
can already put constraints on the population of objects near
the planetary-mass boundary where our survey is particularly
sensitive.
We display in Figure 18 a histogram of the estimated
masses of all objects in our sample. We also display in this
Figure a probability density function (PDF) that represents
a continuous analog of the histogram which is independent
on the binning and that includes individual measurement er-
rors. This PDF is obtained by normalizing the integral of each
individual mass estimation PDF to unity and summing them
over the full sample. In the case of absolute W1 magnitudes,
the PDFs that correspond to individual measurements were
taken as normalized gaussian distributions with a characteris-
tic width that corresponds to the measurement error.
There are 15 objects in our sample of THA candidates that
have estimated masses in the 12.5–14 MJup range, which cor-
responds to the planetary-mass limit. This peak-shaped distri-
bution of estimated masses for the THA candidate members
uncovered here is the combined effect of a selection bias (we
observed the latest-type objects first) and the distance distri-
bution of THA members (∼ 30–70 pc; Paper II), as 12/15 of
these objects are likely located within 50 pc. Furthermore, we
have identified a larger number of THA candidates compared
to other YMGs, because its members are more easily identi-
fied in an all-sky search–the slightly larger distance of THA
ensures that its members have a narrower distribution in space
position and proper motion. The relatively large number of
12.5–14 MJup objects compared to objects in the 5–10 MJup or
15–75 MJup ranges is thus a selection effect.
Since our sample is biased on recovering objects more effi-
ciently in the 12.5–14 MJup range, it remains useful to assess
the space density of such objects. We will concentrate on the
THA candidate members for this as they provide a larger sam-
ple. Assuming that we have uncovered all of the 12.5–14 MJup
candidate members of THA in BASS within 50 pc (accounting
for 65.6% of the expected population according to our SKM
model for THA) and correcting for the expected complete-
ness of BASS for this association (90%; Gagné et al. 2015),
we can expect that there are a total number of 20.3+6.8−5.1 objects
in THA that lie within this range of masses. The error was es-
timated assuming that the objects were drawn from a Poisson
distribution, and they thus account for small number statistics.
Assuming that the population of 1.00–1.26 M stars is
complete in THA (N = 14+4.3−3.3 using Poisson statistics, see
Figure 8 of Kraus et al. 2014b) and adjusting a fiducial log-
normal IMF peaking at 0.25 Mwith a width σ = 0.5 dex
(Jeffries 2012), we can expect a total of 356+61−47 main-
sequence stars in THA (> 75 MJup) and only 0.56+0.17−0.13 objects
in the 12.5–14 MJup range (the ratio of 12.5–14 MJup to 1.00–
1.26 M objects derived from that IMF is 0.04). We thus seem
to be uncovering at least 36.4+16.6−12.5 times too many objects
in this mass range, compared to the predictions of a typical
log-normal IMF anchored on the 1.00–1.26 M population of
THA.
It is possible that this is a consequence of a fault in the evo-
lution models rather than a true over-population. For example,
one could argue that the models fail to reproduce the effects
of clouds which have a larger impact on the spectra of less
massive, cooler objects. This could lead us to misinterpret
the masses of our 15 low-gravity THA candidates, assign-
ing them 12.5–14 MJup while their true masses span a larger
range. If this effect alone is to explain the over-population,
the true range of masses for our 15 objects would have to be
extended by 190% in log space, which would mean that their
true masses would span 4.5–39 MJup. This effect is thus un-
likely to be the lone explanation of this over-population. It is
also possible that the current age estimate of THA is wrong–
e.g., βPMG, Upper Scorpius, AB Doradus and the Pleiades
have recently been found to be slightly older than previously
thought (Luhman et al. 2005; Pecaut et al. 2012; Malo et al.
2014b; Binks & Jeffries 2014; Mamajek & Bell 2014). If
it turns out that this is also the case for THA, our estimated
masses would need to be shifted to larger values. As an ex-
ample, doubling the age of THA would shift the estimated
mass of a member from ∼ 13 MJup to ∼ 20 MJup. This effect
alone would thus be insufficient to explain the large number
of 12.5–14 MJup THA candidates that we found. A similar
shift of our estimated masses could be caused by systematics
in evolution models (see our discussion in Section 6.3.2), al-
though it is difficult to estimate the magnitude of this effect
at this time. Dupuy et al. (2015) has shown that masses from
evolution model are likely under-estimated for dusty BDs at
the L/T transition; it could be expected that the same effect is
important in young L dwarfs. This would further accentuate
the discrepancy between our observations and the predictions
from a typical IMF.
Bowler et al. (2013) noted that the age–absolute luminosity
model sequences of∼ 13 MJup and∼ 25 MJup objects at differ-
ent young ages overlap; such a pile-up in the isochrones could
cause a degeneracy in our estimated masses and cause our
method to mis-interpret true ∼ 25 MJup objects as planetary-
mass objects. However, there are several observations that
make this explanation unlikely: (1) The likelihood method
with which we estimate masses not only generates a measure-
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(a) Estimated Mass (b) Absolute W1 Magnitude
FIG. 18.— Panel a: Histogram of estimated masses (green bars) for low-gravity dwarfs in the BASS sample, obtained from a comparison of NIR photometry and
trigonometric or kinematic distances with BT-Settl–CIFIST2011 synthetic models. The continuous PDFs of different subsets of the candidates are indicated with
different lines (see legend). They were obtained by combining the individual mass estimation PDFs directly, and they thus provide a histogram-like continuous
distribution that include measurement errors and are independent of the binning. Panel b: Histogram of absolute WISE MW1 magnitude of low-gravity dwarfs in
the BASS sample (purple bars), obtained from trigonometric or kinematic distances. The thick aqua distribution is a continuous distribution that does not include
binning and takes account of measurement uncertainties, and was built in the same way as that of Panel a. We find a larger number of objects as MW1 gets fainter,
up to MW1∼ 11 where we stop being sensitive. The most limiting aspect of our survey is the inclusion in the 2MASS catalog, with a limiting magnitude around
J∼ 16–17. The absence of a strong over-density is not in contradiction with Panel a, because our sample is composed of objects at different ages (∼ 12–120 Myr),
hence a given mass can correspond to a different temperature and absolute magnitude. The green, yellow and red vertical dashed lines correspond to the absolute
W1 magnitudes of a 10, 40 and 120 Myr object, respectively.
ment and error bars, but it also provides a continuous PDF
for each individual mass estimate. If this effect is important,
we would thus be able to observe double-peaked individual
measurement PDFs, as well as a peak at ∼ 25 MJup in the
PDF displayed in Figure 18. Note that even if present, this
effect would not introduce a second peak in the histogram,
since it was constructed from the most probable values of the
estimated masses only. (2) While the young age–absolute lu-
minosity isochrones overlap at different masses, this effect is
much more subtle in the individual J, H, KS, W1 and W2 age–
absolute magnitude isochrones. Furthermore, the slight over-
lap happens at slightly different ages and masses in the differ-
ent filters, and allows to lift the degeneracy between∼ 13 MJup
and ∼ 25 MJup objects. This likely explains why we do not
observe dual-valued mass estimate PDFs. (3) Performing a
Monte Carlo analysis in which 20 and 40 Myr isochrones are
used to estimate the masses of a population of 20 000 syn-
thetic objects with true masses uniformly distributed between
4 and 80 MJup produces no over-density of estimated masses
in the 12–14.5 MJup range. The absolute J, H, KS, W1 and W2
magnitudes of these synthetic objects are obtained from the
model isochrones themselves, hence this Monte Carlo anal-
ysis cannot be used to investigate systematics in the model
cooling tracks. Instead, it only addresses the potential prob-
lem of overlapping isochrones that could produce degenerate
mass estimates.
As a consequence of these observations, it does not appear
that overlapping isochrones are the cause of the large popula-
tion of 12–14.5 MJup THA candidates in our sample. We note
that it is however possible that a fraction of these THA can-
didate members are contaminants in our analysis (i.e., young
interlopers from other moving groups or associations, con-
sidered in BANYAN II or not) despite their high Bayesian
probability and the low expected contamination rate in this
particular YMG. It will be necessary to measure the RVs and
parallaxes for all 12 objects discussed here to assess this, but
at this stage it seems that this effect would be the most likely
explanation for this over-density. For example, only 5/12 of
these objects would need to be interlopers in order for the
over-density to become a 1σ result.
If we assume that the over-density is real, it would mean
that there is at least one isolated dwarf in the 12.5–14 MJup
range for every 17.5+6.6−5.0 main-sequence star in THA. Com-
paring with the space density of main-sequence stars in the
solar neighborhood (9.3×10−2 stars pc−3; Chabrier 2005) and
assuming that the ratio we observed in THA is valid in the
field, this would amount to a field density of 5.3+3.8−2.9× 10−3
dwarfs pc−3 in the 12.5–14 MJup range in THA. At ages older
than 2.5 Gyr, they will all have temperatures below 450 K
that correspond to spectral types later than Y0, and will thus
be hard to locate due to their extreme faintness (Cushing
et al. 2011; Kirkpatrick et al. 2011; Luhman 2014; Beamín
et al. 2014). This is significantly larger than the lower limit
measured by Kirkpatrick et al. (2011) that corresponds to at
least one ≥Y0 dwarf for every 78 main-sequence star (or
1.2×10−3 dwarfs pc−3), especially when considering that the
population of field≥Y0 dwarfs is also probably composed of
objects that span a large range of ages and thus masses. Kirk-
patrick et al. (2011) noted that their measurement is only a
gross underestimation on the space density of Y-type dwarfs
due to several biases. We note however that the IMF of YMGs
might be different than that of the field, which could be yet
another cause for this difference.
A less likely scenario is that our results could be an in-
dication that we are approaching an up-turn in the IMF of
isolated objects in THA with masses below the deuterium-
burning limit: such an up-turn has already been hinted at
by micro-lensing surveys in the galactic plane that measure
1.8+1.7−0.8 Jupiter-mass object for every main-sequence star (cor-
responding to space density of 1.7+1.6−0.7 × 10−1 objects pc−3;
Sumi et al. 2011). Measurements of RV and distance for the
complete set of YMG candidates in BASS will be crucial to as-
sess whether the observed over-density holds, and discovering
YMG candidate members at even lower masses will provide
a strong constraint on whether there is an up-turn in the IMF
of YMGs.
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7. SUMMARY AND CONCLUSIONS
We presented a NIR spectroscopic follow-up of 241 can-
didate members of YMGs identified through the BASS, LP-
BASS and PRE-BASS samples. This allowed us to identify 108
new low-gravity M5–L5 candidate members of YMGs with
estimated masses spanning the range of 7–189 MJup. Thirty-
seven of these objects were previously known in the literature,
but no signs of low gravity had been reported for them before
this work. We complemented this unique sample with 22 low-
gravity dwarfs from the literature to (1) build color–spectral
type and absolute magnitude–spectral type sequences for field
and young dwarfs; (2) show that some gravity-sensitive in-
dices correlate with age in the 10–200 Myr regime, albeit with
a large scatter, such that low-resolution NIR spectroscopy
does not allow a strong constraint on the age of an individual
object; (3) we discuss some limitations of the current BT-Settl
models, mainly their improper treatment of dust clouds in L-
type dwarfs of all ages; and (4) show that we find an unex-
pectedly large number of isolated objects with estimated plan-
etary masses in the Tucana-Horologium association, which
might be caused by young interlopers from other moving
groups. This study represents one of the first steps towards
bridging the gap in our knowledge of the the space density
of the lowest-mass BDs (∼ 13 MJup; Kirkpatrick et al. 2011)
and potential isolated giant planets that were ejected from
their stellar system (∼ 1 MJup; Sumi et al. 2011). Additional
figures, data and information on this work can be found on
the website www.astro.umontreal.ca/~gagne and
in the Montreal Spectral Library, which is located at www.
astro.umontreal.ca/~gagne/MSL.php.
The authors would like to thank the anonymous referee
who suggested to improve BANYAN II with the inclusion
of parallax motion and significantly helped to improve the
quality of this paper, as well as make it more concise and
clear. We would like to thank Robert Simcoe, Philippe De-
lorme, Michael C. Cushing, Rebecca Oppenheimer, Amélie
Simon, Gilles Fontaine, Sergio B. Dieterich, Benjamin M.
Zuckerman, André-Nicolas Chené, Sarah Jane Schmidt, Si-
mon Coudé, Daniella C. Bardalez Gagliuffi and Jonathan B.
Foster for useful comments and discussions. We thank Kate-
lyn N. Allers, Michael C. Liu, Federico Marocco and Bren-
dan P. Bowler for sharing data. We also thank all observa-
tory staff and observers who helped us in this quest - Bernard
Malenfant, Ghislain Turcotte, Pierre-Luc Lévesque, Alberto
Pastén, Rachel Mason, Stuart Ryder, Rubén Díaz, Stéphanie
Côté, John P. Blakeslee, Mischa Schirmer, Andrew McNi-
chols, Dave Griep, Brian Cabreira, Tony Matulonis, Ger-
man Gimeno, Steve Margheim, Percy L. Gomez, René Rut-
ten, Bernadette Rodgers, Tim J. Davidge, Jaehyon Rhee Jay,
Inger Jørgensen, Thomas L. Hayward, Andrew Cardwell,
Blair C. Conn, Eleazar Rodrigo Carrasco Damele, David A.
Krogsrud, Eduardo Marin, Erich Wenderoth, Fredrik T.
Rantakyro, Joanna E. Thomas-Osip, Pablo Patricio Candia,
Pascale Hibon, Cláudia Winge, Benoit Neichel, Peter Pessev,
Matthew B. Bayliss and Anne Sweet. This work was sup-
ported in part through grants from the Fond de Recherche
Québécois - Nature et Technologie and the Natural Science
and Engineering Research Council of Canada. This re-
search has benefited from the SpeX Prism Spectral Libraries,
maintained by Adam Burgasser at http://pono.ucsd.
edu/~adam/browndwarfs/spexprism, as well as the
M, L, T and Y dwarf compendium housed at http://
DwarfArchives.org and maintained by Chris Gelino,
Davy Kirkpatrick, and Adam Burgasser, whose server was
funded by a NASA Small Research Grant, administered by
the American Astronomical Society. This research made use
of: the SIMBAD database and VizieR catalog access tool,
operated at the Centre de Données astronomiques de Stras-
bourg, France (Ochsenbein et al. 2000); data products from
the Two Micron All Sky Survey (2MASS; Skrutskie et al.
2006; Kirkpatrick et al. 2003), which is a joint project of
the University of Massachusetts and the Infrared Processing
and Analysis Center (IPAC)/California Institute of Technol-
ogy (Caltech), funded by the National Aeronautics and Space
Administration (NASA) and the National Science Foundation
(Skrutskie et al. 2006); the Extrasolar Planets Encyclopae-
dia (exoplanet.eu), which was developed and is main-
tained by the exoplanet TEAM; data products from the Wide-
field Infrared Survey Explorer (WISE; Wright et al. 2010),
which is a joint project of the University of California, Los
Angeles, and the Jet Propulsion Laboratory (JPL)/Caltech,
funded by NASA; the NASA/IPAC Infrared Science Archive
(IRSA), which is operated by JPL, Caltech, under contract
with NASA; the Infrared Telescope Facility (IRTF), which
is operated by the University of Hawaii under Cooperative
Agreement NNX-08AE38A with NASA, Science Mission Di-
rectorate, Planetary Astronomy Program; the Database of
Ultracool Parallaxes maintained by Trent Dupuy (Dupuy &
Liu 2012); the Hale 5 m telescope at Palomar Observa-
tory, which received funding from the Rockefeller Founda-
tion; and of tools provided by Astrometry.net. This paper in-
cludes data gathered with the 6.5 meter Magellan Telescopes
located at Las Campanas Observatory, Chile (CNTAC pro-
gram CN2013A-135). Based on observations obtained at the
Gemini Observatory through programs number GN-2013A-
Q-118, GS-2013B-Q-79, GS-2014A-Q-55, GS-2014B-Q-72,
GS-2014B-Q-47 and GS-2015A-Q-60. The Gemini Obser-
vatory is operated by the Association of Universities for Re-
search in Astronomy, Inc., under a cooperative agreement
with the National Science Foundation (NSF) on behalf of
the Gemini partnership: the NSF (United States), the Na-
tional Research Council (Canada), CONICYT (Chile), the
Australian Research Council (Australia), Ministério da Ciên-
cia, Tecnologia e Inovação (Brazil) and Ministerio de Cien-
cia, Tecnología e Innovación Productiva (Argentina). All data
were acquired through the Canadian Astronomy Data Center
and part of it was processed using the Gemini IRAF pack-
age. This material is based upon work supported by AURA
through the National Science Foundation under AURA Co-
operative Agreement AST 0132798 as amended. This pub-
lication uses observations obtained at IRTF through pro-
grams number 2007B023, 2007B070, 2008A050, 2008B054,
2009A055, 2010A045, 2011B071, 2012A097, 2012B015,
2013A040, 2013A055, 2013B025, 2014B026 and 2015A026.
The authors recognize and acknowledge the very significant
cultural role and reverence that the summit of Mauna Kea has
always had within the indigenous Hawaiian community. We
are most fortunate to have the opportunity to conduct obser-
vations from this mountain.
Facilities: IRTF (SpeX), Magellan:Baade (FIRE), Gem-
ini:South (Flamingos-2), Gemini:North (GNIRS), Hale
(TripleSpec).
36 Gagné et al.
TABLE 7
POLYNOMIAL COEFFICIENTS FOR SPECTRAL TYPE-MAGNITUDE AND SPECTRAL
TYPE-COLOR DIAGRAMS.
Sequence Field Sequence Young Sequence
Name c0 c1 c2 σ c0 c1 c2 σ
MJ 8.53 3.08e−1 2.56e−3 0.66 4.97 7.96e−1 −1.14e−2 1.16
±3.07e−1 ±5.66e−2 ±2.42e−3 ±5.65e−1 ±1.02e−1 ±4.35e−3
MH 8.11 2.81e−1 1.65e−3 0.63 4.76 7.37e−1 −1.20e−2 0.72
±2.86e−1 ±5.23e−2 ±2.24e−3 ±5.04e−1 ±8.81e−2 ±3.60e−3
MKS 8.12 2.05e−1 3.86e−3 0.60 4.69 6.88e−1 −1.22e−2 0.56±2.74e−1 ±5.02e−2 ±2.19e−3 ±4.74e−1 ±8.16e−2 ±3.28e−3
MW1 7.84 2.40e−1 −1.92e−4 0.55 4.30 7.57e−1 −1.98e−2 0.57
±2.94e−1 ±5.07e−2 ±2.10e−3 ±4.83e−1 ±8.27e−2 ±3.35e−3
MW2 7.43 2.82e−1 −2.73e−3 0.56 3.95 7.84e−1 −2.25e−2 0.42
±2.96e−1 ±5.14e−2 ±2.16e−3 ±5.02e−1 ±8.69e−2 ±3.60e−3
J −H 3.83e−1 3.83e−2 2.29e−4 0.09 3.39e−1 2.43e−2 2.72e−3 0.09
±2.95e−2 ±5.75e−3 ±2.57e−4 ±7.39e−2 ±1.62e−2 ±8.33e−4
H −KS 3.92e−2 6.68e−2 −1.85e−3 0.08 −1.83e−2 6.55e−2 −4.31e−4 0.07
±2.43e−2 ±4.95e−3 ±2.34e−4 ±5.34e−2 ±1.13e−2 ±5.41e−4
KS −W1 2.87e−1 −2.05e−2 2.99e−3 0.08 1.85e−1 −1.40e−2 4.27e−3 0.08
±3.36e−2 ±6.36e−3 ±2.87e−4 ±7.56e−2 ±1.60e−2 ±8.09e−4
W1−W2 3.00e−1 −1.91e−2 1.55e−3 0.05 3.32e−2 3.68e−2 −3.77e−4 0.07
±2.15e−2 ±4.07e−3 ±1.87e−4 ±3.59e−2 ±7.75e−3 ±3.95e−4
J −KS 4.48e−1 9.91e−2 −1.34e−3 0.14 3.35e−1 8.71e−2 2.38e−3 0.13
±4.55e−2 ±9.02e−3 ±4.14e−4 ±1.04e−1 ±2.23e−2 ±1.11e−3
J −W1 6.75e−1 9.25e−2 1.02e−3 0.19 3.80e−1 9.97e−2 5.57e−3 0.21
±6.73e−2 ±1.31e−2 ±6.01e−4 ±1.07e−1 ±2.35e−2 ±1.16e−3
J −W2 9.85e−1 7.04e−2 2.73e−3 0.22 5.12e−1 1.18e−1 6.09e−3 0.23
±5.99e−2 ±1.15e−2 ±5.04e−4 ±1.36e−1 ±2.84e−2 ±1.35e−3
H −W1 3.69e−1 3.81e−2 1.54e−3 0.14 8.67e−2 6.93e−2 3.00e−3 0.13
±4.50e−2 ±8.90e−3 ±4.17e−4 ±9.00e−2 ±1.93e−2 ±9.62e−4
H −W2 6.30e−1 2.64e−2 2.76e−3 0.18 1.68e−1 9.99e−2 2.82e−3 0.15
±4.10e−2 ±7.96e−3 ±3.61e−4 ±1.30e−1 ±2.74e−2 ±1.36e−3
KS −W2 5.80e−1 −3.93e−2 4.56e−3 0.13 2.41e−1 2.29e−2 3.71e−3 0.11
±3.78e−2 ±6.86e−3 ±2.92e−4 ±1.11e−1 ±2.34e−2 ±1.18e−3
NOTE. — All abscissa are spectral types Stype, expressed in decimal value, where zero is M0, ten is L0, etc. A given sequence respects the equation
y =
∑N
i=0 ciS
i
type. The scatter of the data with respect to a best-fitting sequence is given by σ. All sequences are valid in the M6–L8 range.
TABLE 8
PHYSICAL PARAMETERS.
2MASS Spectral YMG Estimated from isochronesa Estimated from SED fitting
Designation Type Age (Myr) Mass (MJup) Radius (RJup) Teff (K)b loggc
Field Objects
02535980+3206373 M6 · · · · · · · · · · · · 5.5±0.5
07522390+1612157 M6 · · · · · · · · · · · · 5.5±0.5
00335534-0908247 M7 · · · · · · · · · · · · 4.5±1.0
18393308+2952164 M7 · · · · · · · · · 2800±200 5.0±1.0
22021125-1109461 M7 · · · · · · · · · 2800±200 5.0±1.0
16553529-0823401 M7 · · · · · · · · · 2700±100 5.0±0.5
00115060-1523450 M7 · · · · · · · · · · · · 5.0±0.5
21144103-4339531 M7.5 pec · · · · · · · · · · · · 5.5±0.5
23540957-3316220 M8 · · · · · · · · · · · · 5.5±0.5
21272613-4215183 M8 · · · · · · · · · 2300±200 5.5±0.5
23520481-2208032 M8 · · · · · · · · · · · · 5.5±0.5
00552554+4130184 M8 · · · · · · · · · · · · 5.5±0.5
17364839+0220426 M8 · · · · · · · · · · · · 5.0±1.0
23310161-0406193 M8β · · · · · · · · · 2700±200 5.0±1.0
20025265-1316418 M8.5 · · · · · · · · · 2300±200 5.5±0.5
12531308+2728028 M8.5 · · · · · · · · · · · · 5.0±1.0
07083261-4701475 M8.5 · · · · · · · · · 2700±200 5.5±0.5
22444905-3045535 M9 pec · · · · · · · · · 2300±200 5.5±0.5
12212770+0257198 M9 pec · · · · · · · · · 2300±200 5.5±0.5
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TABLE 8 — Continued
2MASS Spectral YMG Estimated from isochronesa Estimated from SED fitting
Designation Type Age (Myr) Mass (MJup) Radius (RJup) Teff (K)b loggc
14284323+3310391 M9 · · · · · · · · · 2500±200 5.0±0.5
03140344+1603056 M9 pec ∼ 500 71.2+3.6−3.7 1.06±0.02 2300±200 5.5±0.5
10513331-1916530 M9 pec · · · · · · · · · 2100±300 5.5±0.5
12212770+0257198 M9 pec · · · · · · · · · 2600±200 5.5±0.5
20482880-3255434 M9 · · · · · · · · · 2300±200 5.5±0.5
10473109-1815574 L0 · · · · · · · · · · · · 5.5±0.5
17312974+2721233 L0 · · · · · · · · · · · · 5.5±0.5
02281101+2537380 L0 · · · · · · · · · 2100±400 5.5±0.5
00461551+0252004 L0 pec · · · · · · · · · 2300±200 5.5±0.5
22062157-6116284 L0: pec · · · · · · · · · 2100±200 5.5±0.5
07200325-0846499 L0 pec · · · · · · · · · 2300±200 5.5±0.5
23515044-2537367 L0.5 · · · · · · · · · 2600±200 5.0±0.5
08254335-0029110 L0.5 · · · · · · · · · 2100±200 5.5±0.5
21073169-0307337 L0.5 · · · · · · · · · 2300±200 5.5±0.5
02441019-3548036 L1 pec · · · · · · · · · 1700±100 4.5±0.5
10484281+0111580 L1 · · · · · · · · · 2100±300 5.5±0.5
00332386-1521309 L1 · · · · · · · · · · · · 5.5±0.5
20343769+0827009 L1 · · · · · · · · · 2100±300 5.5±0.5
18071593+5015316 L1 · · · · · · · · · 2100±300 5.5±0.5
02081833+2542533 L1 · · · · · · · · · 2100±200 5.5±0.5
18071593+5015316 L1 · · · · · · · · · · · · 5.5±0.5
17054834-0516462 L1 · · · · · · · · · 2300±200 5.5±0.5
03454316+2540233 L1 · · · · · · · · · 2300±200 5.5±0.5
14392836+1929149 L1 · · · · · · · · · 2300±100 5.5±0.5
16452211-1319516 L1.5 · · · · · · · · · 2100±300 5.5±0.5
16532970+6231364 L1.5 · · · · · · · · · 1900±200 5.5±0.5
13015465-1510223 L1.5 · · · · · · · · · 2100±300 5.5±0.5
20575409-0252302 L2 · · · · · · · · · 2100±200 5.5±0.5
20360316+1051295 L2 · · · · · · · · · 2100±200 5.0±0.5
22425317+2542573 L2 pec · · · · · · · · · 1700±100 5.5±0.5
20282035+0052265 L2 · · · · · · · · · 2100±200 5.5±0.5
02055138-0759253 L2 · · · · · · · · · 2100±200 5.0±0.5
08472872-1532372 L2 · · · · · · · · · 2100±200 5.5±0.5
02415367-1241069 L2 · · · · · · · · · 2100±200 5.5±0.5
06022216+6336391 L2 · · · · · · · · · 2100±200 5.5±0.5
05431887+6422528 L2 · · · · · · · · · 2100±200 5.5±0.5
14313029+1436599 L2 · · · · · · · · · · · · 5.5±0.5
20484222-5127435 L2 pec · · · · · · · · · 1900±100 5.5±0.5
20414283-3506442 L2 · · · · · · · · · 1700±100 5.5±0.5
21041491-1037369 L2 · · · · · · · · · 1900±100 5.5±0.5
11463449+2230527 L2.5 · · · · · · · · · 1800±100 5.0±0.5
04532647-1751543 L3 · · · · · · · · · 2100±100 5.0±0.5
10584787-1548172 L3 · · · · · · · · · 1900±100 5.0±0.5
21420580-3101162 L3 · · · · · · · · · 1800±100 5.0±0.5
04070752+1546457 L3 · · · · · · · · · · · · 5.0±0.5
23155665-4747315 L3 pec · · · · · · · · · 1800±100 5.0±0.5
21420580-3101162 L3 · · · · · · · · · 1800±100 5.5±0.5
04070752+1546457 L3 · · · · · · · · · · · · 5.0±0.5
10584787-1548172 L3 · · · · · · · · · 1900±100 5.0±0.5
13571237+1428398 L3 · · · · · · · · · 1700±100 5.5±0.5
11000965+4957470 L3 · · · · · · · · · 1700±100 5.0±0.5
08234818+2428577 L3 · · · · · · · · · 1700±100 5.5±0.5
08204440-7514571 L3.5 · · · · · · · · · 1700±100 4.5±0.5
00165953-4056541 L3.5 · · · · · · · · · 1600±100 5.0±0.5
22244381-0158521 L3.5 · · · · · · · · · 1600±100 5.0±0.5
14482563+1031590 L3.5 · · · · · · · · · 1600±100 4.5±0.5
00193927-3724392 L3.5: · · · · · · · · · 1700±100 5.0±0.5
01291221+3517580 L3.5 · · · · · · · · · 1600±100 5.0±0.5
18212815+1414010 L4 pec · · · · · · · · · 1600±100 4.5±0.5
01550354+0950003 L4 · · · · · · · · · 1800±100 4.5±0.5
03370359-1758079 L4 · · · · · · · · · 1500±100 4.5±0.5
23392527+3507165 L4 pec · · · · · · · · · 1800±100 5.0±0.5
00361617+1821104 L4 · · · · · · · · · 1900±100 5.0±0.5
00511078-1544169 L4 · · · · · · · · · 1600±100 4.5±0.5
02050344+1251422 L4 pec · · · · · · · · · 1600±100 5.0±0.5
06523073+4710348 L4 · · · · · · · · · 1600±100 4.5±0.5
08014056+4628498 L4: pec · · · · · · · · · 1500±100 5.0±0.5
08354256-0819237 L4 pec · · · · · · · · · 1800±100 5.0±0.5
11040127+1959217 L4 · · · · · · · · · 1900±100 5.0±0.5
12392727+5515371 L4 pec · · · · · · · · · 1600±100 4.5±0.5
15065441+1321060 L4 · · · · · · · · · 1800±100 5.5±0.5
21512543-2441000 L4 pec · · · · · · · · · 1600±100 5.0±0.5
00043484-4044058 L4.5 · · · · · · · · · 1600±100 5.0±0.5
14283132+5923354 L4.5 · · · · · · · · · 1800±100 5.0±0.5
02082363+2737400 L5 · · · · · · · · · 1600±100 5.0±0.5
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TABLE 8 — Continued
2MASS Spectral YMG Estimated from isochronesa Estimated from SED fitting
Designation Type Age (Myr) Mass (MJup) Radius (RJup) Teff (K)b loggc
06244595-4521548 L5 · · · · · · · · · 1500±100 5.0±0.5
09054654+5623117 L5 · · · · · · · · · 1700±100 4.5±0.5
17065487-1314396 L5 pec · · · · · · · · · 1900±100 5.0±0.5
08511627+1817302 L5: · · · · · · · · · 1500±100 4.5±0.5
08350622+1953050 L5 · · · · · · · · · 1600±100 5.0±0.5
00282091+2249050 L5 · · · · · · · · · · · · 5.0±0.5
15261405+2043414 L5 · · · · · · · · · 1600±100 5.0±0.5
01443536-0716142 L5 pec · · · · · · · · · 1600±100 5.0±0.5
02052940-1159296 L5.5 · · · · · · · · · 1500±100 5.5±0.5
15074769-1627386 L5.5 · · · · · · · · · 1900±100 5.0±0.5
17461199+5034036 L5.5 · · · · · · · · · 1900±100 5.0±0.5
13262981-0038314 L5.5 · · · · · · · · · 1600±100 5.5±0.5
17502484-0016151 L5.5 · · · · · · · · · 1800±100 4.5±0.5
06540564+6528051 L6 · · · · · · · · · 1800±100 5.0±0.5
08095903+4434216 L6 pec 30–50 8.1±0.8 1.31+0.01−0.03 1600±100 4.5±0.5
15150083+4847416 L6 · · · · · · · · · 1600±100 5.0±0.5
21011544+1756586 L6 · · · · · · · · · 1500±100 4.5±0.5
16335933-0640552 L6 · · · · · · · · · 1500±100 5.0±0.5
01033203+1935361 L6 pec · · · · · · · · · 1600±100 4.5±0.5
09153413+0422045 L6 · · · · · · · · · 1600±100 5.5±0.5
04390101-2353083 L6 pec · · · · · · · · · 1600±100 5.0±0.5
03582255-4116060 L6 pec 20–26 8.2±0.6 1.37±0.01 1600±100 4.5±0.5
23512200+3010540 L6 pec · · · · · · · · · 1600±100 5.0±0.5
10101480-0406499 L6 · · · · · · · · · 1600±100 5.0±0.5
21321145+1341584 L6 · · · · · · · · · 1500±100 5.5±0.5
12281523-1547342 L6 · · · · · · · · · 1700±100 5.0±0.5
07171626+5705430 L6.5 · · · · · · · · · 1700±100 5.0±0.5
10433508+1213149 L7 · · · · · · · · · 1500±100 5.5±0.5
23254530+4251488 L7 · · · · · · · · · 1200±100 5.5±0.5
08503593+1057156 L7 pec u · · · · · · · · · 1600±100 4.5±0.5
14002320+4338222 L7 · · · · · · · · · 1600±100 5.5±0.5
08251968+2115521 L7 pec · · · · · · · · · 1500±200 5.0±0.5
16303054+4344032 L7 · · · · · · · · · 1500±100 5.0±0.5
03185403-3421292 L7 · · · · · · · · · 1600±100 5.0±0.5
01075242+0041563 L7 pec · · · · · · · · · · · · 4.5±0.5
10440942+0429376 L7 · · · · · · · · · 1600±100 5.5±0.5
22521073-1730134 L7.5 · · · · · · · · · 1500±100 5.5±0.5
15150607+4436483 L7.5 · · · · · · · · · 1500±100 5.0±0.5
09293364+3429527 L7.5 · · · · · · · · · 1600±100 4.5±0.5
15232263+3014562 L8 · · · · · · · · · 1500±100 5.5±0.5
10365305-3441380 L8 · · · · · · · · · 1600±200 5.5±0.5
10430758+2225236 L8 pec · · · · · · · · · 1600±100 4.5±0.5
00325937+1410371 L8 · · · · · · · · · 1400±100 5.5±0.5
16322911+1904407 L8 · · · · · · · · · 1500±100 5.0±0.5
12195156+3128497 L8 · · · · · · · · · 1200±100 4.5±0.5
08575849+5708514 L8 pec · · · · · · · · · 1600±200 4.5±0.5
10071185+1930563 L8 · · · · · · · · · 1500±100 5.0±0.5
15400942+3742316 L9 · · · · · · · · · 1600±100 5.0±0.5
09083803+5032088 L9 · · · · · · · · · 1600±100 5.5±0.5
20431769-1551031 L9 · · · · · · · · · 1500±100 5.5±0.5
08300825+4828482 L9 · · · · · · · · · 1400±100 4.5±0.5
02550357-4700509 L9 · · · · · · · · · 1500±100 5.5±0.5
03105986+1648155 L9 · · · · · · · · · 1500±100 5.0±0.5
03284265+2302051 L9.5 · · · · · · · · · 1400±100 5.5±0.5
08523490+4720359 L9.5 · · · · · · · · · 1200±100 5.5±0.5
08583467+3256275 T1 · · · · · · · · · 1400±100 5.0±0.5
Low-Gravity Objects
05071137+1430013 B M5.5β 20–26 176.8+17.7−17.9 4.00
+0.21
−0.22 · · · 4.0±1.5
03363144-2619578 M5.5β 20–40 189.1+14.1−17.2 3.94±0.14 · · · 5.0±1.0
05071137+1430013 A M5.5β 20–26 176.8+17.7−17.9 4.00
+0.21
−0.22 · · · 5.0±1.5
22191486-6828018 M6β 20–40 32.2+6.2−9.3 1.76
+0.10
−0.05 3100±300 4.5±1.5
02404759-4253377 M6β 20–40 63.3+7.3−9.1 2.22
+0.07
−0.06 2900±200 4.0±1.5
04402583-1820414 M6β 20–40 · · · · · · 3000±200 4.5±1.5
08034469+0827000 M6β 110–130 91.0+4.1−4.0 1.68±0.03 3000±100 5.5±0.5
03182597-3708118 M6: γ 20–40 · · · · · · 3000±400 4.5±2.0
10284580-2830374 M6 γ 5–15 100.6+23.9−27.5 4.33
+0.29
−0.24 2800±300 4.0±1.5
10455263-2819303 M6 γ 5–15 27.6+9.6−5.2 2.63
+0.11
−0.09 2900±100 5.0±1.0
07202582-5617224 M6 γ 20–26 15.7+2.3−0.7 1.79
+0.05
−0.04 2900±200 5.0±1.0
20334670-3733443 M6: γ 20–26 106.2+8.0−6.9 3.12±0.08 2800±200 4.5±1.5
01265327-5505506 M6 γ 20–40 75.0+8.7−10.2 2.40±0.06 2900±200 4.0±1.5
12574941-4111373 M6 γ 5–15 51.5+12.4−17.1 3.11
+0.26
−0.14 2900±200 5.0±1.0
23355015-3401477 M6: γ 20–26 59.0±5.1 2.37+0.07−0.06 3000±300 4.0±1.5
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2MASS Spectral YMG Estimated from isochronesa Estimated from SED fitting
Designation Type Age (Myr) Mass (MJup) Radius (RJup) Teff (K)b loggc
03111547+0106307 M6 γ 20–40 · · · · · · 3000±200 3.5±0.5
06353541-6234059 M6.5β · · · · · · · · · 2900±300 3.5±1.5
03093877-3014352 M6.5 γ 20–40 116.0+13.2−14.8 2.93
+0.13
−0.11 · · · 3.5±1.0
05123569-3041067 M6.5 γ · · · · · · · · · 2900±200 4.0±2.0
02501167-0151295 M7:β 20–26 22.9+5.4−4.6 1.91
+0.06
−0.05 2800±200 4.5±1.0
20391314-1126531 M7β 110–130 74.0+3.6−3.4 1.53±0.03 2600±200 5.0±1.0
05181131-3101529 M7β 20–40 97.5+14.3−13.6 2.73
+0.14
−0.12 2800±100 3.5±1.5
05264316-1824315 M7β 20–40 82.5+11.4−11.5 2.52
+0.12
−0.11 2800±100 5.0±1.0
01294256-0823580 M7β 20–26 96.3+7.3−7.1 2.99
+0.09
−0.10 2700±300 3.5±1.5
03350208+2342356 M7.5β 20–26 60.9+4.0−4.4 2.40±0.04 · · · 5.0±1.0
00413538-5621127 M7.5 γ u 20–40 · · · · · · 2700±200 5.5±0.5
23231347-0244360 M8β 20–26 16.7+4.0−0.8 1.85±0.03 2600±200 4.5±1.0
00192626+4614078 M8β 110–130 103.4+7.4−6.5 1.76±0.04 2700±200 5.0±1.0
23520507-1100435 M8β 110–130 95.4±4.3 1.71±0.03 2600±200 5.0±0.5
15291017+6312539 M8β 110–130 93.2+7.9−7.2 1.69±0.06 2700±200 5.0±1.0
08561384-1342242 M8 γ 5–15 14.4+0.8−1.4 1.86±0.04 2300±200 5.5±0.5
00065794-6436542 M8 γ 20–40 31.9+8.7−9.5 1.82
+0.07
−0.05 2100±300 5.5±0.5
22353560-5906306 M8.5β 20–40 17.7+6.0−2.4 1.76±0.02 2300±200 5.5±0.5
03550477-1032415 M8.5β 20–40 · · · · · · 2700±200 5.5±0.5
14112131-2119503 M8.5β · · · · · · · · · 2600±200 5.0±1.0
12073346-3932539 M8.5 γ 5–15 23.4+2.5−1.0 2.73
+0.03
−0.04 2300±200 5.5±0.5
20282203-5637024 M8.5 γ 20–40 36.4+6.9−9.7 1.83
+0.07
−0.05 2300±200 5.5±0.5
05402325-0906326 M9β 20–40 19.2+5.1−3.6 1.74
+0.03
−0.06 2600±200 5.0±1.5
15104786-2818174 M9β 30–50 37.0+4.4−4.8 1.66
+0.05
−0.04 2600±200 5.5±0.5
15474719-2423493 M9β 30–50 12.9±0.3 1.06±0.01 · · · 5.5±0.5
15470557-1626303 A M9β 110–130 · · · · · · 2300±100 5.5±0.5
23360735-3541489 M9β 20–130 · · · · · · 2300±200 5.5±0.5
09451445-7753150 M9β 20–40 37.9+6.3−8.8 1.84
+0.07
−0.05 2600±200 4.5±1.5
09532126-1014205 M9β 5–40 · · · · · · 1800±100 5.5±0.5
00425923+1142104 M9β 20–130 · · · · · · 2300±100 5.5±0.5
23453903+0055137 M9β · · · · · · · · · 2300±200 5.5±0.5
04493288+1607226 M9 γ 20–26 18.4+5.5−2.2 1.85
+0.05
−0.04 2300±200 5.5±0.5
22025794-5605087 M9: γ 20–40 19.9+6.5−3.9 1.79
+0.02
−0.16 2600±200 5.5±0.5
00274197+0503417 M9 γ · · · · · · · · · · · · 3.0±0.5
11395113-3159214 M9 γ 5–15 19.3+1.4−1.0 0.99
+0.02
−0.01 2300±100 3.0±0.5
12474428-3816464 M9 γ 5–15 17.4+0.8−0.9 2.15±0.06 2100±300 5.5±0.5
20004841-7523070 M9 γ 20–50 · · · · · · 2300±200 5.5±0.5
11064461-3715115 M9 γ 5–15 15.6+0.7−1.1 1.96
+0.06
−0.05 2300±100 3.0±0.5
19355595-2846343 M9 γ · · · · · · · · · · · · 3.0±0.5
04433761+0002051 M9 γ 20–26 20.6+5.9−3.8 1.86
+0.06
−0.05 1800±100 5.5±0.5
00381489-6403529 M9.5β 20–40 14.9+5.1−0.4 1.70±0.02 1700±100 5.5±0.5
21544859-7459134 M9.5:β 20–40 20.4+6.5−4.5 1.80
+0.02
−0.16 2300±300 5.5±0.5
02103857-3015313 M9.5β 20–40 14.0+0.4−0.3 1.62±0.02 1700±100 5.5±0.5
12535039-4211215 M9.5 γ 5–15 12.5+1.2−2.0 1.71
+0.04
−0.03 · · · 4.5±0.5
15525906+2948485 L0β · · · · · · · · · · · · 3.0±0.5
11544223-3400390 L0β 30–50 18.2+3.5−3.6 1.60
+0.02
−0.03 2100±200 5.5±0.5
00325584-4405058 L0β 20–26 11.7±0.6 1.00±0.01 · · · 5.5±0.5
03420931-2904317 L0:β 20–40 12.7±0.4 1.48±0.02 2100±200 3.0±0.5
06272161-5308428 L0:β/ γ 20–40 8.8+1.0−1.1 1.35±0.03 1500±100 5.5±0.5
12451416-4429077 L0 γ 5–15 18.4+1.4−1.3 1.24
+0.03
−0.02 2300±200 3.0±0.5
00182834-6703130 L0 γ 20–40 13.7+0.4−0.3 1.58±0.02 1700±100 5.0±0.5
04400972-5126544 L0 γ 20–40 · · · · · · 1700±100 4.5±0.5
20334473-5635338 L0 γ 20–40 13.6+0.3−0.4 1.56±0.02 2100±200 3.0±0.5
01415823-4633574 L0 γ 20–40 14.7+5.7−0.4 1.16±0.01 1700±100 5.0±0.5
02292794-0053282 L0 γ · · · · · · · · · · · · 5.5±0.5
02411151-0326587 L0 γ 20–40 13.1+0.3−0.4 1.04±0.02 · · · 5.0±0.5
06191291-5803156 b L0 γ 20–40 12.8+0.4−0.3 1.03±0.01 · · · 3.0±1.0
22134491-2136079 L0 γ 20–26 13.5±0.3 1.09±0.01 · · · 5.0±0.5
00464841+0715177 L0 δ 20–26 15.4+0.5−0.3 1.79
+0.03
−0.02 2100±100 5.5±0.5
06085283-2753583 L0 δ 20–40 19.8+3.9−4.2 1.20±0.02 · · · 3.0±0.5
20135152-2806020 L0 δ 20–26 15.7+1.5−0.6 1.10±0.02 · · · 3.0±0.5
02265658-5327032 L0 δ 20–40 13.7±0.3 1.59±0.02 1700±100 4.5±0.5
11271382-3735076 L0 δ 5–15 9.2+1.4−1.7 1.56
+0.05
−0.03 2100±200 4.5±0.5
00344300-4102266 L1:β 20–40 12.8±0.4 1.48±0.01 1700±100 5.5±0.5
11480096-2836488 L1:β 5–15 8.5+1.4−1.6 1.55
+0.04
−0.03 1800±100 3.5±0.5
03164512-2848521 L1β 110–130 34.0+1.6−1.5 1.24±0.01 2100±200 5.5±0.5
00584253-0651239 L1β 20–130 · · · · · · 2100±200 5.5±0.5
19350976-6200473 L1 γ 20–40 13.5+0.3−0.4 1.54±0.02 2100±200 4.5±0.5
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2MASS Spectral YMG Estimated from isochronesa Estimated from SED fitting
Designation Type Age (Myr) Mass (MJup) Radius (RJup) Teff (K)b loggc
23225299-6151275 L1 γ 20–40 13.6±0.3 1.56±0.02 1700±100 5.0±0.5
23255604-0259508 L1 γ 110–130 31.0+1.4−1.2 1.22±0.01 1800±100 5.0±0.5
02410564-5511466 L1 γ 20–40 13.6±0.3 1.57±0.02 1700±100 5.0±0.5
01205114-5200349 L1 γ 20–40 13.3±0.3 1.54±0.02 1700±100 5.0±0.5
01174748-3403258 L1 γ 20–40 13.6±0.3 1.09±0.01 1800±100 5.0±0.5
04062677-3812102 L1: γ 20–40 11.7+0.7−1.1 0.98
+0.03
−0.02 · · · 4.5±0.5
05184616-2756457 L1 γ 20–40 15.3+6.7−1.5 1.11±0.05 · · · 5.0±0.5
00191296-6226005 L1 γ 20–40 13.8±0.3 1.59±0.02 1600±100 5.0±0.5
11083081+6830169 L1 γ 20–40 13.5±0.3 1.55±0.01 1700±100 5.0±0.5
12074836-3900043 L1 δ 5–15 12.1+1.4−2.0 1.69±0.04 2100±100 5.0±0.5
22351658-3844154 L1.5 γ 20–40 14.0+0.4−0.3 1.62±0.02 1600±100 5.0±0.5
06023045+3910592 L2β · · · · · · · · · · · · 5.0±0.5
00452143+1634446 L2 γ 30–50 14.7±0.3 1.14±0.01 · · · 5.0±0.5
05361998-1920396 L2 γ 20–40 13.0±0.9 1.50+0.07−0.06 1600±200 4.5±0.5
02583123-1520536 L3β 20–40 13.0+0.3−0.4 1.50
+0.02
−0.01 1700±100 5.0±0.5
12563961-2718455 L3:β 5–15 7.7+1.4−1.5 1.53
+0.04
−0.03 1600±100 4.5±0.5
01531463-6744181 L3β 20–40 12.9+0.3−0.5 1.49±0.02 1600±100 5.0±0.5
17260007+1538190 L3 γ · · · · · · · · · · · · 4.5±0.5
04185879-4507413 L3 γ 20–40 12.9+0.3−0.4 1.49±0.02 1600±100 5.0±0.5
22081363+2921215 L3 γ 20–26 12.9+0.3−0.1 1.14±0.01 · · · 4.5±0.5
20113196-5048112 L3 γ 20–40 12.9±0.4 1.49±0.02 · · · 5.0±0.5
10042066+5022596 L3: γ 20–40 12.5±0.4 1.54±0.07 · · · 4.0±0.5
15515237+0941148 L3: γ · · · · · · · · · · · · 3.5±0.5
00011217+1535355 L4β 110–130 25.3±1.0 1.20±0.01 1600±100 4.5±0.5
21324036+1029494 L4:β 30–50 11.4±0.4 1.36±0.01 1600±100 4.0±0.5
10212570-2830427 L4:β/ γ 5–15 6.5+1.3−1.2 1.51
+0.04
−0.03 1600±200 5.0±1.0
22064498-4217208 L4 γ 110–130 26.1±1.0 1.21±0.01 1800±100 5.0±0.5
05012406-0010452 L4 γ 20–40 10.2+0.8−1.0 1.36±0.02 1600±100 4.0±0.5
22495345+0044046 L4 γ · · · · · · · · · 1700±100 4.5±0.5
14252798-3650229 L4 γ 110–130 26.6+0.3−1.0 1.20±0.01 1600±100 5.0±0.5
03552337+1133437 L3–L6 γ 110–130 22.4+0.9−1.0 1.20±0.01 1500±100 4.5±0.5
23433470-3646021 L3–L6 γ 20–130 · · · · · · 1500±100 4.0±0.5
16154255+4953211 L3–L6 γ · · · · · · · · · · · · 4.0±0.5
05120636-2949540 L5β 20–26 6.7+1.0−0.9 1.36±0.01 1600±100 4.0±0.5
23174712-4838501 L5β · · · · · · · · · · · · 4.5±0.5
00303013-1450333 L4–L6β 30–50 10.8+0.4−0.6 1.33±0.01 1500±100 5.0±0.5
21543454-1055308 L5β/ γ 30–50 10.3+0.5−0.7 1.32±0.01 1600±100 4.0±0.5
03264225-2102057 L5β/ γ 110–130 22.4+1.0−1.1 1.20±0.01 1600±100 · · ·
20025073-0521524 L5–L7 γ · · · · · · · · · 1700±100 4.5±0.5
17410280-4642218 L5:–L7: γ · · · · · · · · · · · · 3.5±0.5
00470038+6803543 L6–L8 γ · · · · · · · · · · · · 4.0±0.5
22443167+2043433 L6–L8 γ 110–130 12.0±0.1 0.86±0.01 · · · 4.0±0.5
21140802-2251358 L6–L8 γ 20–26 9.0±0.3 1.00±0.01 · · · 4.0±0.5
a Estimated masses and radii were derived from a comparison of the trigonometric or statistical distances, the age of the most probable YMG membership and
the 2MASS and WISE photometry with AMES-Cond evolutionary models (see the text for a detailed explanation).
b Values obtained from the modified model fitting that uses WISE W1, W2 photometry as well as NIR spectra in the J, H and K bands.
c Values obtained from a weighted mean of H-band and K-band logg (see text for more information).
TABLE 9
POTENTIAL ISOLATED PLANETARY-MASS OBJECTS.
2MASS Spectral Source Moving Estimated Distancea
Designation Ref. Type Sample Group Mass (MJup) (pc)
00303013–1450333 1 L4–L6 β LP-BASS ARG 10.8+0.4−0.6 26.72±3.21b
00344300–4102266 2 L1: β BASS THA 12.8±0.4 41.2±2.4
01531463–6744181 3 L3 β BASS THA 12.9+0.3−0.5 47.0±3.2
03420931–2904317 2 L0: β BASS THA 12.7±0.4 48.2+3.6−3.2
03421621–6817321 4 L4 γ BASS THA 12.4±0.5 48.6±3.6
04185879–4507413 2 L3 γ BASS THA 12.9+0.3−0.4 49.8
+4.0
−3.6
05012406–0010452 3 L4 γ BASS COL,CAR 10.2+0.8−1.0 14.7±2.8b
05120636–2949540 5 L5 β BASS BPMG 6.7+1.0−0.9 10.9
+4.4
−4.0
06272161–5308428 2 L0: β/γ BASS CAR 8.8+1.0−1.1 24.1
+2.4
−2.0
06322402–5010349 3 L3 β PRE-BASS ABDMG 11.0+0.5−0.6 7.7
+3.2
−2.8
10212570–2830427 2 L4: β/γ BASS TWA 6.5+1.3−1.2 42.6±5.6
11271382–3735076 2 L0 δ LP-BASS TWA 9.2+1.4−1.7 62.2
+8.8
−8.0
11480096–2836488 2 L1: β BASS TWA 8.5+1.4−1.6 47.8±5.6
12074836–3900043 6 L1 δ BASS TWA 12.1+1.4−2.0 58.2
+6.8
−6.4
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2MASS Spectral Source Moving Estimated Distancea
Designation Ref. Type Sample Group Mass (MJup) (pc)
12271545–0636458 5 M8.5 β PRE-BASS TWA 11.6+1.4−1.9 32.5±3.2
12535039–4211215 2 M9.5 γ BASS TWA 12.5+1.2−2.0 81.0
+7.6
−7.2
12563961–2718455 2 L3: β BASS TWA 7.7+1.4−1.5 44.6±5.2
20113196–5048112 2 L3 γ BASS THA 12.9±0.4 53.4+4.0−3.6
21324036+1029494 7 L4: β PRE-BASS ARG 11.4±0.4 34.2±4.8
21543454–1055308 8 L5 β/γ BASS ARG 10.3+0.5−0.7 22.5±2.8
NOTE. — References to this Table :
(1) Kirkpatrick et al. 2000; (2) This paper; (3) Reid et al. 2008; (4) Cruz et al. 2007; (5) Cruz et al. 2003; (6) Gagné et al. 2014a; (7) Chiu et al. 2006; (8) Gagné
et al. 2014b.
a Kinematic distances estimated from moving group membership unless noted.
b Trigonometric distance.
APPENDIX
DISCUSSIONS ON INDIVIDUAL OBJECTS
Several objects presented here deserve a detailed discus-
sion, either because they display peculiar features, or were re-
ported in the literature as candidate members of other YMGs.
Additionally, optical spectra were available in the literature
for some objects discussed here, and can serve as an indepen-
dent assessment of low surface gravity.
Potential Planetary-Mass Low-Gravity Candidate Members
of YMGs
We list in Table 9 twenty potential isolated planetary-mass
objects in our sample, ten of which were discovered as part of
this work. A few of these objects deserving further discussion
are listed below.
2MASS J05012406–0010452 was discovered by Reid et al.
(2008) as an L4 dwarf in the optical, and was categorized as a
low-gravity L4 γ by Cruz et al. (2009), using its optical spec-
trum. Allers & Liu (2013) categorized it as a very-low grav-
ity L3 dwarf in the NIR, whereas we categorize it as an L4 γ
dwarf. Faherty et al. (2012) measured a trigonometric dis-
tance of 13.1± 0.8 pc. We recovered this object in BASS as
an ambiguous candidate member of Columba or Carina with
respective Bayesian probabilities of 49% and 17%, taking the
trigonometric distance measurement of Faherty et al. (2012)
into account. If this object is a member of either COL or CAR
(both YMGs are coeval at 20–40 Myr), it has an estimated
mass of 10.2+0.8−1.0 MJup. Zapatero Osorio et al. (2014) inde-
pendently measured a trigonometric distance of 19.6±1.4 pc,
which is discrepant with that of Faherty et al. (2012) at the
5σ level. The reason for this large discrepancy is unclear; the
measurement of Faherty et al. (2012) used a smaller number
of epochs (11 versus 21); however, they were spread across
a larger temporal coverage (3 yr versus 2 yr). If we adopt the
distance measurement of Zapatero Osorio et al. (2014), the
CAR membership probability becomes negligible and that of
COL becomes considerably smaller (7.2%), although we also
calculate a low field contamination probability (1.3%). It will
be necessary to better constrain the distance of this object to
assess whether it is a viable candidate member of COL or
CAR. Obtaining an RV measurement would also be useful for
this.
2MASS J05120636–2949540 has been identified as an
L4.5 dwarf in the optical by Cruz et al. (2003); Kirkpatrick
et al. (2008), and Bardalez Gagliuffi et al. (2014) obtained
a NIR spectrum to categorize it as an L4.5±2 dwarf. In
Paper II, we determined that this object is a low-probability
candidate member of βPMG. We used the NIR spectrum of
Bardalez Gagliuffi et al. (2014) to revisit its spectral classifi-
cation: we find that this object is a very good match to our
L5β template; however, the method of Allers & Liu (2013)
assigns it an intermediate gravity. We note that the VOZ in-
dex is significantly larger than that of field L5 dwarfs, but
Allers & Liu (2013) only use this index within the L0–L4
spectral types, as later-type low-gravity dwarfs in their sam-
ple displayed similar VO absorption than that of field dwarfs
of the same spectral types. However, only one low-gravity
L5 dwarf was available at the time, hence it is possible that
the VOZ index remains useful to discriminate low-gravity L5
dwarfs. For this reason, we adopt the L5β spectral type. Due
to its low-gravity features, this object is preserved as a can-
didate member of βPMG. This object has one of the low-
est estimated masses among the YMG candidates presented
here, with 6.7+1.0−0.9 MJup. Its statistical distance associated with
membership to βPMG is 10.9+4.4−4.0 pc, which makes it a valu-
able benchmark to study the atmosphere of planetary-mass
objects.
2MASS J12074836–3900043 (2MASS J1207–3900) was
discovered as a candidate member of TWA in BASS. Its dis-
covery and NIR spectroscopic follow-up have been presented
in Gagné et al. (2014a). They reported an optical spectral type
L0 γ and a NIR spectral type L1 γ. Here we used the spectra
of several low-gravity candidate members of Upper Scorpius
obtained by Lodieu et al. (2008) to define tentative templates
for the spectral type L0 δ, which likely correspond to objects
younger than ∼ 15–20 Myr and have an even more triangu-
lar H-band continuum than the L0 γ type. Given that both
the optical and NIR spectra of 2MASS J1207–3900 are pe-
culiar even in comparison to the best template matches (L0 γ
and L1 γ respectively) and that its H band continuum is more
triangular than any β or γ template, we revised its spectral
classification by comparing it to Upper Scorpius candidate
members. We find that the best match is the L0 δ template;
however, 2MASS J1207–3900 displays features that are at-
tributable to a later spectral type (redder slopes at 1.2–1.35µm
and 1.5–1.6µm). We thus suggest a tentative spectral type of
L1 δ for this object, but identifying other similar objects will
be necessary to confirm this. If it is a member of TWA (5–
15 Myr), this object has an estimated mass of 12.1+1.4−2.0 MJup
and a statistical distance of 58.2+6.8−6.4 pc.
2MASS J12271545–0636458 was identified as an M9
dwarf by Cruz et al. (2003) using optical spectroscopy. We
identified it as a candidate member of TWA in PRE-BASS,
and NIR spectroscopy allowed us to categorize it as a low-
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gravity M8.5β dwarf. It was initially rejected from the BASS
sample because of its low Bayesian probability, which is in
part due to the fact that its kinematic distance of 32.5±3.2 pc
if it is a member of TWA does not match its spectrophotomet-
ric distance (63.2±11.4 pc). The latter estimate would place
2MASS J12271545–0636458 at the far-end of the TWA mem-
bers (∼ 40–62 pc; Paper II; Weinberger et al. 2013; Ducourant
et al. 2014). This is reminiscent of 2MASS J12474428–
3816464, TWA 29 and TWA 31, which are young and seem
to be located between TWA and SCC in terms of distance
(Song et al. 2003; Schneider et al. 2012; Gagné et al. 2014a;
Paper V). Measurements of distance and RV will be useful
to assess whether this is a true member of TWA despite its
small Bayesian probability. If it is a true member of TWA (5–
15 Myr) located at its statistical distance, this object has an
estimated mass of 11.6+1.4−1.9 MJup.
2MASS J12563961–2718455 was identified in PRE-BASS
as a low-probability candidate member of TWA. NIR spec-
troscopy revealed that this object is a low-gravity L3±1β
dwarf. The probability that this object belongs to TWA is
lower than 20%, but the field contamination probability is
also very low at < 0.1%. This usually points out to either
an incomplete SKM for the YMG or to contamination from a
source not taken into account in BANYAN II. The most likely
a priori explanation would be that this object is a contaminant
from SCC (located at∼ 100–150 pc; Sartori et al. 2003); how-
ever, the spectrophotometric distance of 2MASS J12563961–
2718455 (43.1± 3 pc) is not consistent with this hypothesis,
even when its low gravity is taken into account. Using its
2MASS and WISE photometry and comparing it with other
known low-gravity L4 dwarfs, we can rule out a distance
larger than 48.5 pc at a 95% confidence level, assuming this
object is not an unresolved multiple system. We can hence
conclude that as long as this object is not extremely peculiar
for a low-gravity L4 dwarf or a multiple system composed
of four equal-luminosity components, it cannot be a member
of SCC. The statistical distance from BANYAN II which is
associated to the TWA hypothesis (46.2+4.8−4.4 pc) is similar to
those of bona fide members of TWA (∼ 40–62 pc; Paper II;
Weinberger et al. 2013; Ducourant et al. 2014), hence this
case is different from those of 2MASS J12271545-0636458,
2MASS J12474428–3816464, TWA 29 and TWA 31, which
are young and seem to be located between TWA and SCC in
terms of distance (Song et al. 2003; Schneider et al. 2012;
Gagné et al. 2014a; Paper V). Obtaining a distance measure-
ment for this object will be helpful to assess whether it is a
member of TWA. Assuming an age of 5–15 Myr and com-
paring its statistical distance from BANYAN II with BT-Settl
2MASS and WISE isochrones, the estimated mass of this ob-
ject is 7.7+1.4−1.5 MJup, amongst the lowest of all candidate YMG
members reported here. Its statistical distance associated with
membership to TWA is 44.6±5.2 pc.
2MASS J21324036+1029494 was discovered as an
L4.5±1 dwarf by Chiu et al. (2006) using low-S/N NIR spec-
troscopy. We identified it as a candidate member of ARG
from PRE-BASS. The NIR spectrum obtained by Chiu et al.
(2006) is available in the SpeX PRISM Spectral Libraries, we
thus retrieved it to assess whether it is a low-gravity dwarf.
We categorize this object as an L4:β dwarf. Its H-cont in-
dex (Allers & Liu 2013) is consistent with low-gravity ob-
jects; however, the quality of the data is not sufficient to assess
whether its FeHZ and KIJ indices are consistent with this. Ob-
taining a better-quality and higher-resolution NIR spectrum
will be useful to confirm the spectral type of this object. If
it is a member of ARG (30–50 Myr), this object has an es-
timated mass of 11.4± 0.4 MJup and a statistical distance of
34.2±4.8 pc.
Low-Gravity Candidate members of YMGs
2MASS J00413538–5621127 (DENIS-P J00041353–
562112) has been identified as a candidate nearby, red dwarf
by Phan-Bao et al. (2001), and spectroscopically confirmed
by Schmidt et al. (2007) as an active M8 dwarf. Using high
resolution optical spectroscopy, Reiners (2009) revised its
spectral type to M7.5 and showed evidence that it displays Li
and signatures of active accretion, which indicates that it is a
young, ∼ 10 Myr BD. Based on its position, proper motion
and RV, they suggest that it could be a member of THA, or
an ejected member of βPMG, which would make it the first
accreting BD discovered in either of these associations. Liu
et al. (2010) reported that it is a binary with estimated spectral
types of M6.5±1 and M8 from photometry. In Paper II, we
corroborated that it is a high-probability candidate member of
THA, with estimated masses of 14–41 MJup and 18–41 MJup
for the individual components. This object was retrieved in
BASS as a high-probability candidate of THA. We obtained
NIR spectroscopy for the unresolved system, and categorize it
as a very low-gravity M7.5 γ BD system, which is consistent
with its young age.
2MASS J02590146–4232204 was identified by Rodriguez
et al. (2013) as a candidate member of COL with infrared ex-
cess indicative of the presence of a circumstellar disk host.
We independently identified this object as a candidate mem-
ber of COL in PRE-BASS; however, it was subsequently re-
jected from BASS because of its low membership probability
and the fact that its WISE colors did not survive the extra-
galactic filter defined by Kirkpatrick et al. (2011), which is
likely a consequence of its infrared excess. NIR spectroscopy
allowed us to categorize it as an M5 γ dwarf. This is consis-
tent with the results of Rodriguez et al. (2013), who reported
that this object displays weak Na I absorption that is indica-
tive of a low surface gravity. Including the RV measurement
of 15.3±1.5 km s−1 from Rodriguez et al. (2013), we find that
this object is a low-probability candidate member of COL:
this conclusion differs from that of Rodriguez et al. (2013),
which found that 2MASS J02590146–4232204 is a candidate
member of THA. Obtaining a trigonometric distance will be
useful to assess whether this object is a member of COL or
THA.
2MASS J03264225–2102057 has been identified as an L4
dwarf with Li absorption by Cruz et al. (2007). Using the
DUSTY evolution models (Chabrier et al. 2000), the pres-
ence of Li and the spectrophotometric absolute magnitude of
this object, they determined that it should be younger than
500 Myr and less massive than 50 MJup. We identified this
object as a highly probable L5β/γ candidate member of AB-
DMG in PRE-BASS. Dahn et al. (2002) measured a trigono-
metric distance of 32.3± 1.6 pc that is consistent with mem-
bership to ABDMG. The presence of low-gravity feature in
its optical and NIR and optical spectra puts a slightly stronger
constraint on the age of 2MASS J03264225–2102057, since it
is expected that gravity-sensitive spectral indices remain use-
ful only up to ∼ 200 Myr (Cruz et al. 2009; Allers & Liu
2013). We therefore categorize this object as a low-gravity
L5β/γ dwarf. An RV measurement is needed before it can
be assessed whether this object is a bona fide member of AB-
DMG.
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2MASS J04493288+1607226 was identified in PRE-BASS
as a candidate member of βPMG, but was rejected from the
BASS sample because of its proximity with TAU. NIR spec-
troscopy revealed that it is a low-gravity M9 γ dwarf. We
estimate a distance of 54.9± 10.0 pc for this object by com-
parison with other low-gravity dwarfs. A distance larger than
82 pc can be excluded at a 99% confidence level, which is
incompatible with membership to TAU (140± 20 pc; Tor-
res et al. 2007) unless it is an unresolved multiple with at
least 3 individual equal-luminosity components. This sce-
nario is unlikely, especially considering that the NIR spec-
trum of 2MASS J04493288+1607226 is not reddened. We
thus preserve this object as a candidate member of βPMG.
2MASS J11083081+6830169 has been discovered by Gizis
et al. (2000) as an L1 dwarf in the optical with Hα emis-
sion. We recovered this object in BASS as a candidate mem-
ber of ABDMG, and Gizis (2002) identified it as a candi-
date member of TWA. The RV of −9.8±0.1 km s−1 measured
by Blake et al. (2010) does not match the predicted RV of
−18.9± 1.5 km s−1 for membership to ABDMG. It closely
matches that of the CAR hypothesis (−9.7± 0.8), but it still
obtains a very low Bayesian probability of being a member of
CAR. Its statistical distance (15.3±0.8 pc) places it right into
the locus of known young L dwarfs in both an MW1 versus
J −KS and MW1 versus H −W2 CMDs. This distance places it
at only 0.27 km s−1 of the CAR bona fide member HIP 33737
in UVW space, and at 17.2 pc of the CAR bona fide member
GJ 2079 in XY Z space. We show in Figure 19 its XY ZUVW
position at its most probable distance: it seems that this ob-
ject has a most probable position that is consistent with bona
fide members of CAR, but our SKM fails to represent this.
It can be expected that our SKM of CAR is not accurate be-
cause it was derived from a small number of bona fide mem-
bers. Furthermore, both the NIR spectrum that we obtained
and the optical spectrum from the RIZzo spectral library dis-
play clear signs of low-gravity and allowed us to categorize it
as an L1 γ dwarf, which is consistent with membership to a
YMG. A measurement of this object’s trigonometric distance
will be useful to assess whether or not it is a member of CAR,
but we note that it is likely a member despite its low Bayesian
membership probability.
2MASS J12265135–3316124 (TWA 32) has been identi-
fied by Shkolnik et al. (2011) as an UV-bright M6.5 low-mass
star. They measured strong Hα emission and Li absorption,
as well as an RV of 7.15± 0.26 km s−1. They used this in-
formation as well as a photometric distance (53± 5 pc) to
identify it as a new member of TWA, and they noted that it
is a 656.1± 0.4 mas visual binary with near-equal luminos-
ity. Rodriguez et al. (2011) independently discovered this ob-
ject and measured strong Hα and He I emission at 5876 Å
and 6678 Å, as well as strong Li absorption. They argued
that the Hα full width at 10% of 270 km s−1 is consistent with
this object being a classical T Tauri star. They measured an
RV of 14.8± 3 km s−1 and note that its UVW space velocity
is consistent with TWA and SCC. We recovered this object
in PRE-BASS as a candidate member of TWA, and obtained
NIR spectroscopy that allowed us to assign it a spectral type
of M5.5 γ. At this spectral type, only the weaker Na I ab-
sorption is a useful low-gravity indicator. We adopted the RV
measurement of Shkolnik et al. (2011) which is more pre-
cise, and, like them, found that this object is a strong can-
didate member of TWA. The BANYAN II statistical distance
corresponding to the TWA hypothesis is 61.8+6.4−6.0 pc, which
is consistent with the photometric estimate of Shkolnik et al.
(2011) that takes its binary nature into account. The SKMs of
BANYAN II do not take SCC into account, which includes the
Lower Centaurus Crux (LCC) and the Upper Centaurus Lu-
pus (UCL) regions, hence our result does not preclude mem-
bership to SCC. The space velocity UVW for this object is
(−8.6± 1.4, −15.7± 1.1, −3.4± 1.1) km s−1 (Shkolnik et al.
2011), at 4.6 km s−1 from the kinematic center of TWA (Pa-
per II), 4.6 km s−1 from that of UCL and 4.2 km s−1 from that
of LCC (Sartori et al. 2003). Its kinematics are thus consis-
tent with SCC and TWA; however, its photometric distance
is not consistent with the distance of this complex (∼ 100–
150 pc; Sartori et al. 2003), whereas it is consistent with that
of TWA members (∼ 40–62 pc; Paper II; Weinberger et al.
2013; Ducourant et al. 2014). We conclude that TWA 32
is a likely member of TWA, unless it is a multiple system
composed of at least three equal-luminosity components. A
trigonometric distance measurement will be useful to assess
this.
2MASS J20391314–1126531 was discovered as an M9
dwarf by Cruz et al. (2003) using optical spectroscopy.
Gálvez-Ortiz et al. (2010) reported that it is a candidate mem-
ber of the Pleiades stream. Famaey et al. (2005) demonstrated
that the Pleiades stream is not a moving group but rather a dy-
namical stream of stars without a common origin. We iden-
tified 2MASS J20391314–1126531 as a candidate member
of ABDMG as part of PRE-BASS and obtained NIR spec-
troscopy which revealed that this is a low-gravity M7β dwarf.
The RV of −18.0± 2 km s−1 that was measured by Gálvez-
Ortiz et al. (2010) is consistent with a membership to AB-
DMG, and the fact that it has a low gravity indicates that it
might not be a contaminant from the Pleiades stream. A mea-
surement of its distance will be needed to assess this.
Candidate members of YMGs with no age constraint
2MASS J03582255–4116060 has been discovered by Cruz
et al. (2007) as an L5 BD in the optical. We identified it
as a low-probability candidate member of βPMG as part of
BASS. R∼ 75 NIR spectroscopy allowed us to categorize it as
a peculiar L6 dwarf. Its continuum is redder and its H band
is slightly more triangular than our field L6 template, how-
ever it is unclear at this time if these effects are due to a low
gravity or not. Obtaining a higher-resolution spectrum would
be useful to assess this. If we assume an age of 20–26 Myr
and the BANYAN II statistical distance associated with the
βPMG hypothesis (18.1±3.2 pc) and compare its 2MASS and
WISE photometry with the BT-Settl isochrones, we find that
this object has one of the lowest estimated mass of all candi-
date YMG members reported here, with 8.2±0.6 MJup.
2MASS J08095903+4434216 was identified by Knapp
et al. (2004) and confirmed by Chiu et al. (2006) as an L6
dwarf. In Paper V, we identified it as a candidate member
of ARG as part of BASS. We used its NIR spectrum to re-
vise its spectral type to L6 pec (red) from a visual compari-
son with field and low-gravity templates. This object has a
red continuum and red NIR colors for its spectral type, with
J −KS = 2.02 and J −W2 = 3.63, compared with median val-
ues of J − KS = 1.7± 0.3 and J −W2 = 2.9± 0.4 for field
L6 dwarfs (Figure 11). The low-resolution gravity classifi-
cation scheme of Allers & Liu (2013) categorizes it as an
intermediate-gravity L5.4 dwarf due to its H–cont, KIJ and
FeHZ indices. However, it is visually a better match to the
field L6 template than the field L5 template, albeit it displays
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(a) Galactic position (b) Space velocity
FIG. 19.— Predicted galactic position XY Z and space velocity UVW of the CAR candidate member 2MASS J11083081+6830169 (red point and its projections)
using its statistical distance from BANYAN II, compared with bona fide members of CAR (green points and their vertical projections on the XY and UV planes)
and the SKM models of CAR (as defined in Paper II; orange ellipsoid and its projections).
a slightly redder continuum. Adopting a spectral type of L6,
only the H–cont index remains useful and categorizes it as an
intermediate-gravity dwarf, but this index alone does not re-
ject the possibility that this object is a dusty dwarf in the field.
Schneider et al. (2014) demonstrated that the H2(K) index de-
fined by Canty et al. (2013) seems to be gravity-sensitive up
to at least L8; we obtain a value of H2(K) = 1.056±0.008 for
2MASS J08095903+4434216, which is slightly lower than
the typical values for field L6 dwarfs (1.06± 0.01; see Fig-
ure 14(d) of this work and Figure 10 of Schneider et al. 2014).
It is unclear at this time if this object is a low-gravity L6
dwarf; a higher resolution (R& 750) NIR spectrum will be
useful to confirm if this object is a very low-mass, very late-
type candidate member of ARG, or more massive and dusty
field interloper. At the age of ARG (30–50 Myr), this ob-
ject would have one of the lowest estimated masses amongst
all YMG candidates presented here, with 8.1± 0.8 MJup. Its
statistical distance associated with membership to ARG is
15.3±2.0 pc.
2MASS J23512200+3010540 was discovered by Kirk-
patrick et al. (2010) as L5.5 dwarf in the optical, and as an
unusually red L5.5 dwarf in the NIR. In Paper II, we iden-
tified this object as a candidate member of ARG, and it was
recovered as such in PRE-BASS. We used its NIR spectrum
to categorize it as a peculiar L5 dwarf. Only the H–cont in-
dex is indicative of a possible young gravity; it is thus a likely
scenario that this object is a dusty field interloper. Obtain-
ing a higher-resolution spectrum would be useful to assess
this. If it is a member of ARG (30–50 Myr), this object has
an estimated mass of 10.0+0.6−0.7 MJup and a statistical distance of
20.1±1.8 pc.
Interlopers from the Field or Other Regions
2MASS J00174858-0316334 was identified as a candidate
member of ABDMG as part of PRE-BASS. NIR spectroscopy
revealed that this is a reddened low-gravity M7β dwarf. We
de-reddened its spectrum using the fm_unred.pro IDL routine
based on the extinction law of Fitzpatrick (1999) and visu-
ally compared it with our M7β template to determine that
its total extinction is A(V ) = 2.5. We used the parametriza-
tion of Fitzpatrick (1999) with a total-to-selective extinction
of R(V ) = 3.1. This reddening is unlikely caused by inter-
stellar dust, since this object is far from the galactic plane
(b = −64.8°) and has a spectro-photometric distance of only
65.1± 11.5 pc (low gravity was considered in this estimate).
It can be expected that this object is still embedded in its for-
mation material, which indicates that it is not a member of
ABDMG, but rather a member of another young star-forming
region that might not be known. It would be interesting to in-
vestigate whether other very young objects can be found in its
vicinity.
2MASS J00461551+0252004 was identified as a candi-
date member of ABDMG in PRE-BASS. NIR spectroscopy
revealed that it is a peculiar L0 dwarf with no indication of
low gravity. The H-band bump at 1.57µm is significantly
stronger than that of field dwarfs, which could hint at an un-
resolved T-type component (Figure 20); however, the spectral
indices constructed by Bardalez Gagliuffi et al. (2014) do not
categorize it as a likely L-type + T-type binary. The cause of
its peculiar properties is thus unclear.
2MASS J02441019–3548036 was discovered as candidate
member of THA in BASS. NIR spectroscopy (R ∼ 750) re-
veals that it is an L2 dwarf that lacks the weaker alkali lines or
stronger VO absorption that are typical of low-gravity dwarfs.
However, its continuum is unusually red for an L2 dwarf and
the shape of its H band is unusual (Figure 21). This could
be explained by an unusually dusty atmosphere or an unre-
solved later-type companion; however, the classification of
Bardalez Gagliuffi et al. (2014) based on various spectral in-
dices does not categorize it as a candidate binary. We reject
it as a candidate member of THA, as the weaker-than-usual
alkali lines are not consistent with a young age even if this
object is dusty or multiple.
2MASS J02530084+1652532 (Teegarden’s star) was dis-
covered by Teegarden et al. (2003) as a nearby (2.43 ±
0.54 pc) M6.5 dwarf; Henry et al. (2006) refined its distance
measurement to 3.85± 0.01 pc. Witte et al. (2011) identified
this object as a potential low-gravity dwarf from atmosphere
model fitting, and we identified it as a candidate member of
ARG in Paper II, but its distance is not consistent with this
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FIG. 20.— NIR spectrum of the peculiar L0 dwarf
2MASS J00461551+0252004 that was recovered as a candidate mem-
ber of ABDMG in PRE-BASS. The H-band bump at 1.57µm could be a hint
of an unresolved T-type companion.
FIG. 21.— NIR spectrum of the peculiar L1 dwarf 2MASS J02441019–
3548036 that was recovered as a candidate member of THA in BASS. Its NIR
continuum is redder than usual and the shape of its H band is peculiar. This
could be explained by a dusty atmosphere; however, this object is likely older
than the YMGs considered here.
possibility. We obtained the NIR spectrum of Burgasser et al.
(2012) from the SpeX PRISM spectral library and categorized
it as an M7.5β dwarf. The classification scheme of Allers &
Liu (2013) assigns it an intermediate gravity, which is consis-
tent with our visual comparison. This is due to a low FeHZ
index (1.0699± 0.0040), a low KIJ index (1.0511± 0.0065)
and a high H-cont index (0.9974± 0.0049) compared with
field M7.5 dwarfs. This object has a relatively blue 2MASS
J−KS color (0.809±0.053) for an M7.5 dwarf (Figure 11(a)),
which is not expected for a low-gravity dwarf. We used the
NIR spectrum to measure its synthetic NIR colors and ob-
tained J −KS = 0.869± 0.077 (assuming a 5% uncertainty in
the 2MASS photometric zero points), which places it closer
to the locus of low-gravity and field M7 dwarfs, albeit still
on the blue end. Its WISE W1 −W2 color (0.265± 0.034)
is consistent with field and low-gravity M7.5 dwarfs (Figure
10(i)). Obtaining a higher-resolution NIR spectrum will be
useful to assess whether alkali lines are weaker than usual,
which would confirm if this object has a low gravity or not.
Another explanation could be that this object is an unresolved
binary. If Teegarden’s star is young, it could be a member of
a YMG that is not considered here, and it would thus be in-
teresting to measure its RV. It is worthwhile mentioning that
this object would be the nearest low-gravity dwarf if this is
confirmed, a record currently held by LP 944–20 (an L0β
at 6.41± 0.04 pc that is a candidate member of the Castor
stream; Leggett et al. 2001; Allers & Liu 2013; Dieterich et al.
2014; Barrado Y Navascués 1998).
2MASS J03140344+1603056 was identified by Schmidt
et al. (2007) as an L0 dwarf with Hα emission. Seifahrt
et al. (2010) measured its RV and used its kinematics to as-
sign it as a candidate member of UMA. We initially iden-
tified this object as a low-probability candidate member of
βPMG in PRE-BASS, but was later rejected because of its
large contamination probability, as well as its position on a
MW1 versus H −W2 diagram that is not consistent with young
BDs at the most probable statistical distances obtained from
BANYAN II. A NIR follow-up allowed us to categorize it as a
peculiar M9 dwarf with no apparent sign of low gravity from
the classification scheme of Allers & Liu (2013) or a visual
comparison with spectroscopic standards. However, it is un-
clear at what exact age signs of low-gravity stop being ap-
parent in moderate-resolution NIR spectra, and Allers & Liu
(2013) suggest that this might take place around ∼ 200 Myr.
We thus reject any possible membership with the younger
moving groups considered here, but our data is insufficient
to corroborate its possible membership to UMA.
2MASS J04070752+1546457 has been identified as an
L3.5 dwarf by Reid et al. (2008) from optical spectroscopy.
We identified this BD as an ambiguous candidate member of
βPMG and COL as part of PRE-BASS, but we subsequently
rejected it because of its alignment with TAU. NIR spec-
troscopy allowed us to categorize it as field L3 BD. It dis-
plays marginal signs of low-gravity (weaker FeH and slightly
weaker alkali line widths); however, all other features as well
as a visual comparison with spectroscopic standards are con-
sistent with a field L3 BD. It could be interesting to investi-
gate whether this object has a peculiar metallicity or a slightly
young age (∼ 200 to a few hundred Myrs), but it is most prob-
ably not a member of any YMG considered here.
2MASS J05243009+0640349 has been identified as a po-
tential member of βPMG in PRE-BASS. It has been subse-
quently excluded from BASS because of its low Bayesian
probability, but its NIR spectrum allowed us to categorize it
as a low-gravity M5.5β. The only useful sign of low grav-
ity for this spectral type is the weaker Na I absorption. This
object has a low galactic latitude (b = −15.92°) and is located
within the Orion II super bubble (Gatley et al. 1974) at only
10.′6 of the Ori C 11 core (see Figure 12b of Wood et al.
1994; the B1950 coordinates of this object are 05h21m48.67s,
+06°37′54.′′5). These clouds are located at significantly larger
distances (∼ 400–500 pc; Schlafly et al. 2014) compared to
the YMGs considered here. Using the absolute 2MASS
and WISE photometry of known young M5.5 dwarfs, we
estimate a spectrophotometric distance of 42.0± 7.7 pc for
2MASS J05243009+0640349 and exclude a distance larger
than 63 pc at a 99% confidence level, assuming it is not a mul-
tiple system. This discrepancy, supplemented with the fact
that its spectrum does not seem reddened by interstellar dust,
makes it unlikely that this object is a member of the Orion
Molecular Complex (OMC) even though it is clearly young.
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Even when its youth is taken into account, this object has a
very low probability of being a member of βPMG. It will be
useful to obtain a distance and RV measurement to investigate
whether this object is a member of another YMG that is not
considered here.
2MASS J05271676+0007526 has been identified as a po-
tential member of βPMG in PRE-BASS. Its low Bayesian
probability as well as color filters (H −KS > 0.269 and V R−
J ≥ 2.63; Paper II) excluded it from the BASS sample. This
object has a low galactic latitude (b = −18.57°) and is lo-
cated in the vicinity of the OMC (Gatley et al. 1974; Schlafly
et al. 2014). Acquisition images obtained with SpeX revealed
that this is a 2.′′4 visual binary. We obtained resolved NIR
spectroscopy and determined that both components are red-
dened early M dwarfs. We de-reddened both spectra using
the fm_unred.pro IDL routine based on the extinction law of
Fitzpatrick (1999) and visually compared the results with NIR
spectroscopic standards to determine the best matching spec-
tral types and total extinction A(V ), using the parametriza-
tion of Fitzpatrick (1999) with a total-to-selective extinction
of R(V ) = 3.1. We find a best match of A(V ) = 0.93 with spec-
tral types M0 + M3. We note that the H-band continuum of
both objects has a rounded triangular shape, which is only
seen at those spectral types for very young (. 5 Myr) objects.
This system is thus likely very young and still embedded in its
formation material. Using the 2MASS J magnitude of the un-
resolved system with the young absolute magnitude-spectral
type sequences of Malo et al. (2013), we estimate a distance
of ∼ 450 pc. We conclude that this system is a probable very
young low-mass star member of OMC.
2MASS J08503593+1057156 (2MASS J0850+1057) was
first identified from the 2MASS survey as an L6 BD by Kirk-
patrick et al. (1999). Subsequently, Reid et al. (2001) and
Bouy et al. (2008) identified and confirmed that this object
is a 0.′′16 binary system, and Burgasser et al. (2011) used a
template fitting method constrained by the flux ratio of its in-
dividual components to assign them spectral types of L7 and
L6. They noted the surprising fact that the brighter primary
component is the one that gets assigned a later spectral type.
They argue that this could be explained either by youth or the
latest-type component being an unresolved binary. Faherty
et al. (2011) subsequently identified the NLTT 20346 M5+M6
binary system as a very wide (∼ 7700 AU) co-moving com-
panion to 2MASS J0850+1057. They assign an age estimate
of 250–450 Myr for NLTT 20346 based on X-ray luminos-
ity, but they note that this estimate is discrepant with that
based on Hα emission (6.3± 1.0 Gyr and 6.5± 1.0 Gyr for
its respective components). They measure a systemic RV of
26± 9 km s−1 for NLTT 20346, and a trigonometric distance
of 29± 7 pc for 2MASS J0850+1057. They note that this
latter measurement is not precise enough to discriminate be-
tween two previous inconsistent measurements in the litera-
ture (38± 6 pc from Vrba et al. 2004 and 25.6± 2.3 pc from
Dahn et al. 2002). Using their proper motion measurement
of µα = −144± 6 masyr−1and µδ = −38± 6 masyr−1, they ar-
gued that a faint background contaminant was blended at the
epochs used for previous distance measurements, which could
explain the discrepancy.
Dupuy & Liu (2012) independently measured a proper mo-
tion of −144.2± 0.6 masyr−1, µδ = −12.6± 0.6 masyr−1 and
a distance of 33.2± 0.9 pc for 2MASS J0850+1057. They
also refined the photometry of its resolved components, and
used these new measurements to draw different conclusions
than those outlined above. First, they used a similar analysis
to that of Burgasser et al. (2011) with their updated photom-
etry to argue that the spectral types of the components are
rather L6.5±1 and L8.5±1, with the fainter component now
associated with the later spectral type. This conclusion does
away with the need to invoke youth or any additional compo-
nent, which was previously based on flux reversal (Burgasser
et al. 2011). They thus argued that 2MASS J0850+1057 is
a BD system displaying no notable peculiarity. Furthermore,
they use their new proper motion measurement at 6.7σ from
that of NLTT 20346 with the criterion of Lépine & Bongiorno
(2007) to argue that the two systems are likely random align-
ments, and thus not gravitationally linked.
We measure a proper motion of −141.1± 7.7 masyr−1 and
µδ = −13.1± 9.5 masyr−1, based on 2MASS and ALLWISE.
The µα component is consistent with both measurements,
whereas the µδ component is at 2.2σ and 0.05σ respectively
from the measurements of Faherty et al. (2011) and Dupuy &
Liu (2012). Our measurement thus favors the later one, but
our precision is ∼ 16 times lower. We find that even if both
components seem to display no peculiarity in their relative
fluxes, the unresolved system seems to be unusually red for
its absolute magnitude (Figure 22). This could be explained
either by additional unresolved later-type components, or the
presence of thicker/higher clouds in their atmosphere com-
pared to field BDs. We used the R ∼ 120 NIR spectrum for
the unresolved BD system to assign a spectral type of L7.
For such a late spectral type, the only features known to be
gravity-sensitive in a low-resolution NIR spectrum are the H-
cont index of Allers & Liu (2013) and the H2(K) index of
Canty et al. (2013). We find values of H-cont = 0.872±0.025
and H2(K) = 1.055± 0.014, both being only marginally con-
sistent with a low surface gravity. The parallax and proper
motion measurements of Dupuy & Liu (2012) preclude a
possible membership to ARG; however, obtaining a higher-
resolution NIR spectrum for this system would be interesting
to assess whether it displays signs of low surface gravity. If
this system is younger than∼ 200 Myr, the individual mass of
each component would be well below the deuterium burning
limit, which would make it a remarkable benchmark system
to understand the properties of planetary-mass objects.
2MASS J08575849+5708514 has been discovered by
Geballe et al. (2002) as an L8±1 BD. Stephens et al. (2009)
used atmosphere model fitting to determine that this object
is unusually cloudy and seems to have a low surface grav-
ity (logg = 4.5). Using our visual comparison with spectral
templates, we categorize this object as a peculiar L8 dwarf
(Figure 23). No indices from Allers & Liu (2013) are gravity-
sensitive for such a late spectral type, but the H2(K) index de-
fined by Canty et al. (2013) seem to remain useful (Schneider
et al. 2014). We find a weaker H2(K) value (1.102± 0.006)
compared with typical field L8 dwarfs (1.12± 0.02), which
could be an indication of a lower surface gravity. We iden-
tified this object as a highly probable candidate member of
ARG in BASS, with an estimated mass of 8.5± 0.8 MJup and
an estimated distance of 8.9±0.8 pc. However, Schmidt et al.
(2010) measured an RV of −123.5±20.0 km s−1, which is not
consistent with membership to ARG or even with the kine-
matics of any young BD in the solar neighborhood. This large
RV thus seems contradictory with its unusually red colors and
tentative indications of a lower surface gravity, but it was mea-
sured from a low-signal optical spectrum. It is likely that this
object is not a young member of ARG but rather an interlop-
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FIG. 22.— NIR spectrum of the peculiar L7 dwarf 2MASS J0850+1057
that was recovered as a candidate member of ARG in BASS. This system is a
binary with resolved spectral types of L6.5±1 and L8.5±1 estimated from
photometry. The NIR continuum of 2MASS J0850+1057 is redder than field
L7 dwarfs which is likely an effect of its binary nature, and its kinematics are
not consistent with those of ARG.
FIG. 23.— NIR spectrum of the peculiar L8 dwarf
2MASS J08575849+5708514 that was recovered as a candidate mem-
ber of ARG in BASS. Its red NIR continuum could be an indication of a low
surface gravity, but an RV measurement that was obtained from low-S/N
data is not consistent with membership to ARG.
ing cloudy object from the field. However, obtaining an RV
measurement from higher-S/N data will be useful to assess
this.
2MASS J11335700–7807240 was identified by Luhman
(2007) in the optical as an M8 dwarf in a search for new mem-
bers of the Chamaeleon I (CHA) star-forming region. They
rejected it because it lacks low-gravity indications in its op-
tical spectrum. We independently recovered this object in
PRE-BASS as a candidate member of CAR and obtained a
NIR spectrum. We categorize this object as a peculiar M6±1
dwarf; its H band is more triangular and the slope of its K
band is bluer. This could be indicative of a low surface gravity,
but it lacks all the other usual signatures: only the 1.253µm
K I line is slightly weaker than that of field M6 dwarfs. All
other K I lines, the Na I doublet and FeH absorption are all
FIG. 24.— NIR spectrum of the peculiar L2 dwarf 2MASS J20484222–
5127435 that was recovered as a candidate member of THA in BASS. It lacks
indications of a low surface gravity and is thus not a likely member of THA.
Its K band is peculiar, as it resembles those of later-type L dwarfs.
consistent with a field M6 dwarf : the classification scheme
of Allers & Liu (2013) thus categorizes this object as a field-
gravity M6 dwarf. It is unclear what is the source of the pe-
culiar features in this object’s NIR spectrum. It is possible
that the triangular-shaped H band could be caused by dust
in its photosphere (Allers & Liu 2013), but this would be un-
usual at such an early spectral type, and neither its J−KS color
(1.01±0.04) or its J −W2 color (1.53±0.04) are redder than
those of field M6 dwarfs, which would be unexpected for a
dusty object. We thus categorize this object as a peculiar M6
dwarf and reject it as a candidate member of CAR.
2MASS J11555389+0559577 was discovered by Knapp
et al. (2004) as an L7.5 dwarf using NIR spectroscopy. We
recovered this object in PRE-BASS as a candidate member
of ARG. Faherty et al. (2012) measured a trigonometric dis-
tance of 17.27± 3.04 pc and Schmidt et al. (2010) used a
low-quality optical spectrum from SDSS to categorize it as
an L0 dwarf and measure an RV of 136.8± 20.0 km s−1. If
we include only the trigonometric measurement, it remains a
modest candidate of ARG; however, the RV measurement is
not consistent with this, nor with the kinematics of nearby,
young dwarfs (Faherty et al. 2009), much like the case of
2MASS J08575849+5708514. We retrieved the NIR spec-
trum of this object from the SpeX PRISM Libraries and cat-
egorize it as a peculiar L6–L8 dwarf. It lacks the triangular-
shaped H-band continuum that would be expected for a young
object (H-cont = 0.8230±0.0087), and its NIR colors are con-
sistent with those of field dwarfs. We measured the gravity-
sensitive H2(K) index defined by Canty et al. (2013) and find
a value of 1.0862±0.0085, which is consistent with field L6–
L7 dwarfs (Schneider et al. 2014). Higher-resolution NIR
spectroscopy as well as an RV measurement derived from a
high signal-to-noise spectrum would be needed to completely
rule out low gravity, but it is very likely that this object is a
regular BD; we thus reject it as a candidate member of ARG.
2MASS J20484222–5127435 was identified as a candidate
member of THA as part of BASS. NIR spectroscopy revealed
that its J and H bands are similar to a field L2 dwarf, but its
K band is significantly different, and similar to the K band of
field L5 dwarfs (Figure 24). This object is thus unlikely young
and we reject it as a candidate member of THA; however, it
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FIG. 25.— NIR spectrum of the peculiar L2 dwarf 2MASS J22062157–
6116284 that was recovered as a candidate member of THA in PRE-BASS. It
lacks indications of a low surface gravity and is thus not a likely member of
THA. Furthermore, its H-band bump at ∼ 1.57µm is stronger than usual.
FIG. 26.— NIR spectrum of the peculiar L3 dwarf 2MASS J23155665–
4747315 that was recovered as a candidate member of THA in BASS. It lacks
indications of a low surface gravity and is thus not a likely member of THA.
Its J band is similar to a field L3 dwarf with stronger FeH absorption, and its
H and K bands are consistent with a later spectral type.
is unclear what is the cause of its peculiar K band. It would
be worthwhile investigating whether this is an early-L / mid-L
binary from high-resolution imaging or an RV follow-up.
2MASS J22062157–6116284 has been identified as a can-
didate member of THA in PRE-BASS. We obtained NIR spec-
troscopy and categorized it as a peculiar L0 ±1 dwarf be-
cause its H-band flux at ∼ 1.57µm is stronger than usual
(Figure 25). This could indicate the presence of an unre-
solved T-type component; however, the index-based scheme
of Bardalez Gagliuffi et al. (2014) indicates that this scenario
is unlikely.
2MASS J23155665–4747315 has been identified as a can-
didate member of THA in BASS. We obtained NIR spec-
troscopy and categorized it as a peculiar L3 dwarf; its J band
is similar to an L3 dwarf albeit with stronger FeH absorption,
and its H and K bands are similar to our field L5 template
(Figure 26).
FIG. 27.— NIR spectrum of the peculiar L4 dwarf
2MASS J23392527+3507165 that was recovered as a candidate mem-
ber of βPMG in BASS. It lacks indications of a low surface gravity and
is thus not a likely member of βPMG. Furthermore, its H-band bump at
∼ 1.57µm is stronger than usual.
2MASS J23310161–0406193 (Koenigstuhl 3 BC) was dis-
covered by Gizis et al. (2000) as an M9 dwarf in the optical,
and Gizis et al. (2003) demonstrated that it is an M8 + L3,
0.′′58 binary system. Caballero (2007) discovered that this
system is a very wide 451.′′8 comoving system to the F8 star
HR 8931 (HD 221356). Koenigstuhl 3 BC was identified as
a candidate member of ABDMG in LP-BASS, but measure-
ments of RV and distance for the co-moving star HR 8931
(−12.86± 0.09 km s−1 and 26.12± 0.37 pc; Nidever et al.
2002; van Leeuwen 2007) preclude a possible membership
to all YMGs considered here. We categorize its unresolved
spectrum as a peculiar M8 dwarf; our best-matching NIR tem-
plate is M8 γ, however it presents several differences with it
and lacks several low-gravity indications such as weaker al-
kali lines. We thus conclude that the peculiar nature of this
spectrum is likely related to its binary nature, which further
rules out a possible membership to ABDMG.
2MASS J23392527+3507165 has been discovered as an
L3.5 BD in the optical by Reid et al. (2008), and Burgasser
et al. (2010) categorized it as an L4.5 BD in the NIR. We re-
covered this object as a candidate member of βPMG in BASS.
We used its NIR spectral type to categorize it as a peculiar
L4 BD that has a stronger H-band peak at ∼ 1.57µm (Fig-
ure 27). However, it is unlikely that this object is young as
it lacks the usual low-gravity indications. We thus reject it as
a candidate member of βPMG. The peculiar H-band feature
described above can be an effect of an unresolved T-type com-
panion; however, the index-based scheme of Bardalez Gagli-
uffi et al. (2014) indicates that this scenario is unlikely.
REFERENCES
Ackerman, A. S., & Marley, M. S. 2001, The Astrophysical Journal, 556,
872
Allard, F., Homeier, D., Freytag, B., Schaffenberger, & Rajpurohit, A. S.
2013, Mem. Soc. Astron. Ital., 24, 128
BANYAN. VII. Young Substellar Moving Group Candidate Members 49
Allers, K. N., & Liu, M. C. 2013, The Astrophysical Journal, 772, 79
Allers, K. N., Jaffe, D. T., Luhman, K. L., et al. 2007, The Astrophysical
Journal, 657, 511
Andrei, A. H., Smart, R. L., Penna, J. L., et al. 2011, The Astronomical
Journal, 141, 54
Artigau, É., Radigan, J., Folkes, S., et al. 2010, The Astrophysical Journal
Letters, 718, L38
Artigau, É., Gagné, J., Faherty, J. K., et al. 2015, The Astrophysical Journal,
806, 254
Bakos, G. Á., Hartman, J., Torres, G., et al. 2011, The Astrophysical
Journal, 742, 116
Bannister, N. P., & Jameson, R. F. 2007, Monthly Notices of the Royal
Astronomical Society: Letters, 378, L24
Baraffe, I., Chabrier, G., Barman, T. S., Allard, F., & Hauschildt, P. H. 2003,
Astronomy & Astrophysics, 402, 701
Bardalez Gagliuffi, D. C., Burgasser, A. J., Gelino, C. R., et al. 2014, The
Astrophysical Journal, 794, 143
Barenfeld, S. A., Bubar, E. J., Mamajek, E. E., & Young, P. A. 2013, The
Astrophysical Journal, 766, 6
Barman, T. S., Macintosh, B., Konopacky, Q. M., & Marois, C. 2011a, The
Astrophysical Journal, 733, 65
—. 2011b, The Astrophysical Journal Letters, 735, L39
Barrado Y Navascués, D. 1998, Astronomy & Astrophysics, 339, 831
Basri, G. 2000, Annual Review of Astronomy & Astrophysics, 38, 485
Beamín, J. C., Ivanov, V. D., Bayo, A., et al. 2014, Astronomy &
Astrophysics, 570, L8
Beichman, C., Gelino, C. R., Kirkpatrick, J. D., et al. 2014, The
Astrophysical Journal, 783, 68
Biller, B. A., Liu, M. C., Wahhaj, Z., et al. 2013, The Astrophysical Journal,
777, 160
Binks, A. S., & Jeffries, R. D. 2014, Monthly Notices of the Royal
Astronomical Society: Letters, 438, L11
Blake, C. H., Charbonneau, D., & White, R. J. 2010, The Astrophysical
Journal, 723, 684
Blecic, J., Harrington, J., Madhusudhan, N., et al. 2013, The Astrophysical
Journal, 779, 5
Bochanski, J. J., Gizis, J. E., Hawley, S. L., et al. 2005, AJ, 130, 1871
Bochanski, J. J., Hennawi, J. F., Simcoe, R. A., et al. 2009, PASP, 121, 1409
Boeshaar, P. C. 1976, Ph.D. Thesis Ohio State Univ., 14
Bonnefoy, M., Boccaletti, A., Lagrange, A.-M., et al. 2013, Astronomy &
Astrophysics, 555, A107
Bonnefoy, M., Marleau, G. D., Galicher, R., et al. 2014, Astronomy &
Astrophysics, 567, L9
Bouchy, F., Bonomo, A. S., Santerne, A., et al. 2011a, Astronomy &
Astrophysics, 533, A83
Bouchy, F., Deleuil, M., Guillot, T., et al. 2011b, Astronomy &
Astrophysics, 525, A68
Bouy, H., Duchêne, G., Köhler, R., et al. 2004, Astronomy & Astrophysics,
423, 341
Bouy, H., Martín, E. L., Brandner, W., et al. 2008, A&A, 481, 757
Bowler, B. P., Liu, M. C., Kraus, A. L., & Mann, A. W. 2014, The
Astrophysical Journal, 784, 65
Bowler, B. P., Liu, M. C., Shkolnik, E. L., & Dupuy, T. J. 2013, The
Astrophysical Journal, 774, 55
Buchhave, L. A., Bakos, G. Á., Hartman, J. D., et al. 2010, The
Astrophysical Journal, 720, 1118
Buchhave, L. A., Latham, D. W., Carter, J. A., et al. 2011, The
Astrophysical Journal Supplement, 197, 3
Burgasser, A. J. 2014, International Workshop on Stellar Spectral Libraries
ASI Conference Series, 11, 7
Burgasser, A. J., Cruz, K. L., Cushing, M., et al. 2010, The Astrophysical
Journal, 710, 1142
Burgasser, A. J., Geballe, T. R., Leggett, S. K., Kirkpatrick, J. D., &
Golimowski, D. A. 2006, The Astrophysical Journal, 637, 1067
Burgasser, A. J., Gelino, C. R., Cushing, M. C., & Kirkpatrick, D. J. 2012,
ApJ, 745, 26
Burgasser, A. J., Gizis, J. E., & Bardalez-Gagliuffi, D. C. 2011, AJ, 141, 70
Burgasser, A. J., Liu, M. C., Ireland, M. J., Cruz, K. L., & Dupuy, T. J. 2008,
The Astrophysical Journal, 681, 579
Burningham, B., Pinfield, D. J., Leggett, S. K., et al. 2008, Monthly Notices
of the Royal Astronomical Society, 391, 320
Burningham, B., Cardoso, C. V., Smith, L., et al. 2013, Monthly Notices of
the Royal Astronomical Society, 433, 457
Caballero, J. A. 2007, The Astrophysical Journal, 667, 520
Canty, J. I., Lucas, P. W., Roche, P. F., & Pinfield, D. J. 2013, Monthly
Notices of the Royal Astronomical Society, 435, 2650
Cappetta, M., Saglia, R. P., Birkby, J. L., et al. 2012, Monthly Notices of the
Royal Astronomical Society, 427, 1877
Carson, J., Thalmann, C., Janson, M., et al. 2013, The Astrophysical Journal
Letters, 763, L32
Castro, P. J., Gizis, J. E., Harris, H. C., et al. 2013, The Astrophysical
Journal, 776, 126
Chabrier, G. 2005, The Initial Mass Function 50 years later. Edited by E.
Corbelli and F. Palle, 327, 41
Chabrier, G., Baraffe, I., Allard, F., & Hauschildt, P. 2000, The
Astrophysical Journal, 542, 464
Chauvin, G., Lagrange, A.-M., Dumas, C., et al. 2004, Astronomy &
Astrophysics, 425, L29
Chauvin, G., Lagrange, A.-M., Zuckerman, B., et al. 2005, Astronomy &
Astrophysics, 438, L29
Chiu, K., Fan, X., Leggett, S. K., et al. 2006, The Astronomical Journal,
131, 2722
Costa, E., Méndez, R. A., Jao, W. C., et al. 2005, The Astronomical Journal,
130, 337
—. 2006, The Astronomical Journal, 132, 1234
Crifo, F., Phan Bao, N., Delfosse, X., et al. 2005, Astronomy &
Astrophysics, 441, 653
Cruz, K. L., Kirkpatrick, J. D., & Burgasser, A. J. 2009, The Astronomical
Journal, 137, 3345
Cruz, K. L., & Núñez, A. 2012, in 17th Cambridge Workshop on Cool Stars,
Stellar Systems and the Sun, Barcelona, Spain, June 24-29, 2012. Zenodo.
10.5281/zenodo.16497
Cruz, K. L., Reid, I. N., Liebert, J., Kirkpatrick, J. D., & Lowrance, P. J.
2003, The Astronomical Journal, 126, 2421
Cruz, K. L., Reid, I. N., Kirkpatrick, J. D., et al. 2007, The Astronomical
Journal, 133, 439
Currie, T., Daemgen, S., Debes, J., et al. 2014, The Astrophysical Journal
Letters, 780, L30
Cushing, M. C., Vacca, W. D., & Rayner, J. T. 2004, PASP, 116, 362
Cushing, M. C., Marley, M. S., Saumon, D., et al. 2008, The Astrophysical
Journal, 678, 1372
Cushing, M. C., Kirkpatrick, J. D., Gelino, C. R., et al. 2011, The
Astrophysical Journal, 743, 50
Dahn, C. C., Harris, H. C., Vrba, F. J., et al. 2002, The Astronomical
Journal, 124, 1170
de la Reza, R., Torres, C. A. O., Quast, G., Castilho, B. V., & Vieira, G. L.
1989, Astrophysical Journal, 343, L61
Deacon, N. R., Liu, M. C., Magnier, E. A., et al. 2014, The Astrophysical
Journal, 792, 119
Deleuil, M., Deeg, H. J., Alonso, R., et al. 2008, Astronomy &
Astrophysics, 491, 889
Deleuil, M., Bonomo, A. S., Ferraz-Mello, S., et al. 2012, Astronomy &
Astrophysics, 538, A145
Delorme, P., Delfosse, X., Albert, L., et al. 2008a, Astronomy &
Astrophysics, 482, 961
Delorme, P., Willott, C. J., Forveille, T., et al. 2008b, Astronomy &
Astrophysics, 484, 469
Delorme, P., Gagné, J., Malo, L., et al. 2012, Astronomy & Astrophysics,
548, A26
Delorme, P., Gagné, J., Girard, J. H., et al. 2013, Astronomy &
Astrophysics, 553, L5
Deshpande, R., Martín, E. L., Montgomery, M. M., et al. 2012, The
Astronomical Journal, 144, 99
Díaz, R. F., Damiani, C., Deleuil, M., et al. 2013, Astronomy &
Astrophysics, 551, L9
Díaz, R. F., Montagnier, G., Leconte, J., et al. 2014, Astronomy &
Astrophysics, 572, A109
Dieterich, S. B., Henry, T. J., Jao, W.-C., et al. 2014, The Astronomical
Journal, 147, 94
Ducourant, C., Teixeira, R., Galli, P. A. B., et al. 2014, Astronomy &
Astrophysics, 563, A121
Dupuy, T. J., & Liu, M. C. 2012, The Astrophysical Journal Supplement,
201, 19
Dupuy, T. J., Liu, M. C., & Bowler, B. P. 2009a, The Astrophysical Journal,
706, 328
Dupuy, T. J., Liu, M. C., Bowler, B. P., et al. 2010, The Astrophysical
Journal, 721, 1725
Dupuy, T. J., Liu, M. C., & Ireland, M. J. 2009b, The Astrophysical Journal,
692, 729
—. 2009c, The Astrophysical Journal, 699, 168
—. 2014, The Astrophysical Journal, 790, 133
Dupuy, T. J., Liu, M. C., Leggett, S. K., et al. 2015, arXiv.org, 6212
50 Gagné et al.
Eikenberry, S. S., Elston, R., Raines, S. N., et al. 2004, in Ground-based
Instrumentation for Astronomy. Edited by Alan F. M. Moorwood and Iye
Masanori. Proceedings of the SPIE, ed. A. F. M. Moorwood & M. Iye,
University of Florida, USA (SPIE), 1196–1207
Eisenbeiss, T., Ammler-von Eiff, M., Roell, T., et al. 2013, Astronomy &
Astrophysics, 556, A53
Elias, J. H. 1978, Astrophysical Journal, 224, 857
Faherty, J. K., Burgasser, A. J., Bochanski, J. J., et al. 2011, The
Astronomical Journal, 141, 71
Faherty, J. K., Burgasser, A. J., Cruz, K. L., et al. 2009, The Astronomical
Journal, 137, 1
Faherty, J. K., Rice, E. L., Cruz, K. L., Mamajek, E. E., & Núñez, A. 2013,
The Astronomical Journal, 145, 2
Faherty, J. K., Burgasser, A. J., Walter, F. M., et al. 2012, The Astrophysical
Journal, 752, 56
Famaey, B., Jorissen, A., Luri, X., et al. 2005, Astronomy & Astrophysics,
430, 165
Fitzpatrick, E. L. 1999, The Publications of the Astronomical Society of the
Pacific, 111, 63
Gagné, J., Faherty, J. K., Cruz, K. L., et al. 2014a, The Astrophysical
Journal Letters, 785, L14
Gagné, J., Lafrenière, D., Doyon, R., et al. 2014b, The Astrophysical Journal
Letters, 792, L17
Gagné, J., Lafrenière, D., Doyon, R., Malo, L., & Artigau, É. 2014c, The
Astrophysical Journal, 783, 121
—. 2015, The Astrophysical Journal, 798, 73
Gálvez-Ortiz, M. C., Clarke, J. R. A., Pinfield, D. J., et al. 2010, Monthly
Notices of the Royal Astronomical Society, 409, 552
Gardner, J. P., Mather, J. C., Clampin, M., et al. 2006, Space Science
Reviews, 123, 485
Gatley, I., Becklin, E. E., Mattews, K., et al. 1974, Astrophysical Journal,
191, L121
Geballe, T. R., Knapp, G. R., Leggett, S. K., et al. 2002, The Astrophysical
Journal, 564, 466
Geissler, K., Metchev, S., Kirkpatrick, J. D., Berriman, G. B., & Looper, D.
2011, 448, 1351
Gizis, J. E. 2002, The Astrophysical Journal, 575, 484
Gizis, J. E., Allers, K. N., Liu, M. C., et al. 2015, The Astrophysical Journal,
799, 203
Gizis, J. E., Hawley, S. L., & Reid, N. I. 1997, Astronomical Journal v.113,
113, 1458
Gizis, J. E., Monet, D. G., Reid, I. N., et al. 2000, The Astronomical Journal,
120, 1085
Gizis, J. E., Reid, I. N., Knapp, G. R., et al. 2003, The Astronomical Journal,
125, 3302
Goldman, B., Marsat, S., Henning, T., Clemens, C., & Greiner, J. 2010,
Monthly Notices of the Royal Astronomical Society, 405, 1140
Golimowski, D. A., Leggett, S. K., Marley, M. S., et al. 2004, The
Astronomical Journal, 127, 3516
Gorlova, N. I., Meyer, M. R., Rieke, G. H., & Liebert, J. 2003, The
Astrophysical Journal, 593, 1074
Goto, M., Kobayashi, N., Terada, H., et al. 2002, The Astrophysical Journal,
567, L59
Hand, D. J., & Yu, K. 2001, Int Statistical Rev, 69, 385
Hawley, S. L., Covey, K. R., Knapp, G. R., et al. 2002, The Astronomical
Journal, 123, 3409
Hébrard, G., Almenara, J. M., Santerne, A., et al. 2013, Astronomy &
Astrophysics, 554, A114
Henry, T. J., Jao, W.-C., Subasavage, J. P., et al. 2006, The Astronomical
Journal, 132, 2360
Herter, T. L., Henderson, C. P., Wilson, J. C., et al. 2008, Ground-based and
Airborne Instrumentation for Astronomy II. Edited by McLean, 7014,
70140X
Horne, K. 1986, Astronomical Society of the Pacific, 98, 609
Janson, M., Carson, J., Thalmann, C., et al. 2011, The Astrophysical
Journal, 728, 85
Jeffries, R. D. 2012, Low-Mass Stars and the Transition Stars/Brown Dwarfs
- EES2011, 57, 45
Joyce, R. R., Hinkle, K. H., Wallace, L., Dulick, M., & Lambert, D. L. 1998,
The Astronomical Journal, 116, 2520
Kastner, J. H., Zuckerman, B., Weintraub, D. A., & Forveille, T. 1997,
Science, 277, 67
Kendall, T. R., Delfosse, X., Martín, E. L., & Forveille, T. 2004, Astronomy
& Astrophysics, 416, L17
Kendall, T. R., Jones, H. R. A., Pinfield, D. J., et al. 2007a, Monthly Notices
of the Royal Astronomical Society, 374, 445
Kendall, T. R., Tamura, M., Tinney, C. G., et al. 2007b, Astronomy &
Astrophysics, 466, 1059
Kirkpatrick, D. J., Cutri, R. M., Skrutskie, M. F., et al. 2003, VizieR On-line
Data Catalog: II/246. Originally published in: University of
Massachusetts and Infrared Processing and Analysis Center, 2246, 0
Kirkpatrick, J. D. 2005, Annual Review of Astronomy & Astrophysics, 43,
195
Kirkpatrick, J. D., Barman, T. S., Burgasser, A. J., et al. 2006, The
Astrophysical Journal, 639, 1120
Kirkpatrick, J. D., Henry, T. J., & McCarthy, D. W. J. 1991, Astrophysical
Journal Supplement Series (ISSN 0067-0049), 77, 417
Kirkpatrick, J. D., Reid, I. N., Liebert, J., et al. 1999, The Astrophysical
Journal, 519, 802
—. 2000, The Astronomical Journal, 120, 447
Kirkpatrick, J. D., Cruz, K. L., Barman, T. S., et al. 2008, The Astrophysical
Journal, 689, 1295
Kirkpatrick, J. D., Looper, D. L., Burgasser, A. J., et al. 2010, The
Astrophysical Journal Supplement, 190, 100
Kirkpatrick, J. D., Cushing, M. C., Gelino, C. R., et al. 2011, The
Astrophysical Journal Supplement, 197, 19
Kirkpatrick, J. D., Gelino, C. R., Cushing, M. C., et al. 2012, The
Astrophysical Journal, 753, 156
Kirkpatrick, J. D., Schneider, A., Fajardo-Acosta, S., et al. 2014, The
Astrophysical Journal, 783, 122
Kiss, L. L., Moór, A., Szalai, T., et al. 2011, Monthly Notices of the Royal
Astronomical Society, 411, 117
Kleinmann, S. G., & Hall, D. N. B. 1986, Astrophysical Journal Supplement
Series (ISSN 0067-0049), 62, 501
Knapp, G. R., Leggett, S. K., Fan, X., et al. 2004, The Astronomical Journal,
127, 3553
Konopacky, Q. M., Ghez, A. M., Barman, T. S., et al. 2010, The
Astrophysical Journal, 711, 1087
Kraus, A. L., Ireland, M. J., Cieza, L. A., et al. 2014a, The Astrophysical
Journal, 781, 20
Kraus, A. L., Shkolnik, E. L., Allers, K. N., & Liu, M. C. 2014b, The
Astronomical Journal, 147, 146
Kuzuhara, M., Tamura, M., Kudo, T., et al. 2013, The Astrophysical Journal,
774, 11
Lagrange, A.-M., Bonnefoy, M., Chauvin, G., et al. 2010, Science, 329, 57
Lane, B. F., Zapatero Osorio, M. R., Britton, M. C., Martín, E. L., &
Kulkarni, S. R. 2001, The Astrophysical Journal, 560, 390
Leggett, S. K., Allard, F., Geballe, T. R., Hauschildt, P. H., & Schweitzer, A.
2001, The Astrophysical Journal, 548, 908
Leggett, S. K., Morley, C. V., Marley, M. S., & Saumon, D. 2015, The
Astrophysical Journal, 799, 37
Leggett, S. K., Morley, C. V., Marley, M. S., et al. 2013, The Astrophysical
Journal, 763, 130
Leggett, S. K., Saumon, D., Burningham, B., et al. 2010, The Astrophysical
Journal, 720, 252
Leggett, S. K., Geballe, T. R., Fan, X., et al. 2000, The Astrophysical
Journal, 536, L35
Leggett, S. K., Golimowski, D. A., Fan, X., et al. 2002, The Astrophysical
Journal, 564, 452
Leggett, S. K., Currie, M. J., Varricatt, W. P., et al. 2006, Monthly Notices of
the Royal Astronomical Society, 373, 781
Leggett, S. K., Cushing, M. C., Saumon, D., et al. 2009, The Astrophysical
Journal, 695, 1517
Lépine, S., & Bongiorno, B. 2007, AJ, 133, 889
Liebert, J., & Gizis, J. E. 2006, The Publications of the Astronomical
Society of the Pacific, 118, 659
Littlefair, S. P., Casewell, S. L., Parsons, S. G., et al. 2014, Monthly Notices
of the Royal Astronomical Society, 445, 2106
Liu, M. C., Dupuy, T. J., & Allers, K. N. 2013a, Astronomische
Nachrichten, 334, 85
Liu, M. C., Dupuy, T. J., & Leggett, S. K. 2010, ApJ, 722, 311
Liu, M. C., Magnier, E. A., Deacon, N. R., et al. 2013b, The Astrophysical
Journal Letters, 777, L20
Lodieu, N., Hambly, N. C., Jameson, R. F., & Hodgkin, S. T. 2008, Monthly
Notices of the Royal Astronomical Society, 383, 1385
Lodieu, N., Scholz, R. D., McCaughrean, M. J., et al. 2005, Astronomy &
Astrophysics, 440, 1061
Lodieu, N., Pinfield, D. J., Leggett, S. K., et al. 2007, Monthly Notices of
the Royal Astronomical Society, 379, 1423
Looper, D. L., Burgasser, A. J., Kirkpatrick, J. D., & Swift, B. J. 2007a, The
Astrophysical Journal, 669, L97
Looper, D. L., Gelino, C. R., Burgasser, A. J., & Kirkpatrick, J. D. 2008a,
The Astrophysical Journal, 685, 1183
BANYAN. VII. Young Substellar Moving Group Candidate Members 51
Looper, D. L., Kirkpatrick, J. D., & Burgasser, A. J. 2007b, The
Astronomical Journal, 134, 1162
Looper, D. L., Kirkpatrick, J. D., Cutri, R. M., et al. 2008b, The
Astrophysical Journal, 686, 528
Lucas, P. W., Roche, P. F., Allard, F., & Hauschildt, P. H. 2001, Monthly
Notices of the Royal Astronomical Society, 326, 695
Lucas, P. W., Tinney, C. G., Burningham, B., et al. 2010, Monthly Notices of
the Royal Astronomical Society: Letters, 408, L56
Luhman, K. L. 2007, The Astrophysical Journal Supplement Series, 173,
104
—. 2014, The Astrophysical Journal Letters, 786, L18
Luhman, K. L., Liebert, J., & Rieke, G. H. 1997, Astrophysical Journal
Letters v.489, 489, L165
Luhman, K. L., Mamajek, E. E., Allen, P. R., & Cruz, K. L. 2009, The
Astrophysical Journal, 703, 399
Luhman, K. L., Stauffer, J. R., & Mamajek, E. E. 2005, The Astrophysical
Journal, 628, L69
Luhman, K. L., Patten, B. M., Marengo, M., et al. 2007, The Astrophysical
Journal, 654, 570
Mace, G. N. 2014, ProQuest Dissertations And Theses; Thesis
(Ph.D.)–University of California, 56
Mace, G. N., Kirkpatrick, J. D., Cushing, M. C., et al. 2013a, The
Astrophysical Journal Supplement, 205, 6
—. 2013b, The Astrophysical Journal, 777, 36
Mainzer, A., Grav, T., Bauer, J., et al. 2011, The Astrophysical Journal, 743,
156
Makarov, V. V., & Urban, S. 2000, MNRAS, 317, 289
Males, J. R., Close, L. M., Morzinski, K. M., et al. 2014, The Astrophysical
Journal, 786, 32
Malo, L., Artigau, É., Doyon, R., et al. 2014a, The Astrophysical Journal,
788, 81
Malo, L., Doyon, R., Feiden, G. A., et al. 2014b, The Astrophysical Journal,
792, 37
Malo, L., Doyon, R., Lafrenière, D., et al. 2013, The Astrophysical Journal,
762, 88
Mamajek, E. E., & Bell, C. P. M. 2014, Monthly Notices of the Royal
Astronomical Society, 445, 2169
Manjavacas, E., Bonnefoy, M., Schlieder, J. E., et al. 2014, Astronomy &
Astrophysics, 564, A55
Marleau, G. D., & Cumming, A. 2014, Monthly Notices of the Royal
Astronomical Society, 437, 1378
Marley, M. S., Seager, S., Saumon, D., et al. 2002, The Astrophysical
Journal, 568, 335
Marocco, F., Smart, R. L., Jones, H. R. A., et al. 2010, Astronomy &
Astrophysics, 524, A38
Marocco, F., Andrei, A. H., Smart, R. L., et al. 2013, The Astronomical
Journal, 146, 161
Marocco, F., Day-Jones, A. C., Lucas, P. W., et al. 2014, Monthly Notices of
the Royal Astronomical Society, 439, 372
Marois, C., Macintosh, B., Barman, T., et al. 2008, Science, 322, 1348
Marsh, K. A., Wright, E. L., Kirkpatrick, J. D., et al. 2013, The
Astrophysical Journal, 762, 119
Martín, E. L., Rebolo, R., & Zapatero Osorio, M. R. 1996, Astrophysical
Journal v.469, 469, 706
Martín, E. L., Phan Bao, N., Bessell, M., et al. 2010, Astronomy &
Astrophysics, 517, A53
McGovern, M. R., Kirkpatrick, D. J., McLean, I. S., et al. 2004, ApJ, 600,
1020
Metchev, S. A., & Hillenbrand, L. A. 2006, The Astrophysical Journal, 651,
1166
Monet, D. G., Dahn, C. C., Vrba, F. J., et al. 1992, Astronomical Journal
(ISSN 0004-6256), 103, 638
Montet, B. T., Johnson, J. A., Muirhead, P. S., et al. 2014, arXiv.org, 4047
Moutou, C., Bonomo, A. S., Bruno, G., et al. 2013, Astronomy &
Astrophysics, 558, L6
Murphy, S. J., & Lawson, W. A. 2015, Monthly Notices of the Royal
Astronomical Society, 447, 1267
Naud, M.-È., Artigau, É., Malo, L., et al. 2014, The Astrophysical Journal,
787, 5
Nidever, D. L., Marcy, G. W., Butler, R. P., Fischer, D. A., & Vogt, S. S.
2002, The Astrophysical Journal Supplement Series, 141, 503
Norlén, G. 1973, Physica Scripta, 8, 249
Ochsenbein, F., Bauer, P., & Marcout, J. 2000, A&AS, 143, 23
Parviainen, H., Gandolfi, D., Deleuil, M., et al. 2014, Astronomy &
Astrophysics, 562, A140
Pecaut, M. J., & Mamajek, E. E. 2013, The Astrophysical Journal
Supplement, 208, 9
Pecaut, M. J., Mamajek, E. E., & Bubar, E. J. 2012, The Astrophysical
Journal, 746, 154
Pérez-Garrido, A., Lodieu, N., Béjar, V. J. S., et al. 2014, Astronomy &
Astrophysics, 567, A6
Perryman, M. A. C., Lindegren, L., Kovalevsky, J., et al. 1997, Astronomy
and Astrophysics 323, 323, L49
Phan-Bao, N., & Bessell, M. S. 2006, A&A, 446, 515
Phan-Bao, N., Guibert, J., Crifo, F., et al. 2001, A&A, 380, 590
Phan Bao, N., Bessell, M. S., Martín, E. L., et al. 2008, Monthly Notices of
the Royal Astronomical Society, 383, 831
Pinfield, D. J., Burningham, B., Tamura, M., et al. 2008, Monthly Notices of
the Royal Astronomical Society, 390, 304
Quinn, S. N., White, T. R., Latham, D. W., et al. 2014, arXiv.org, 4666
Rayner, J. T., Toomey, D. W., Onaka, P. M., et al. 2003, PASP, 115, 362
Reid, I. N., Cruz, K. L., Kirkpatrick, J. D., et al. 2008, The Astronomical
Journal, 136, 1290
Reid, N. I., Cruz, K. K., & Allen, P. R. 2007, AJ, 133, 2825
Reid, N. I., Gizis, J. E., Kirkpatrick, D. J., & Koerner, D. W. 2001, AJ, 121,
489
Reid, N. I., Gizis, J. E., Kirkpatrick, D. J., et al. 2002, AJ, 124, 519
Reid, N. I., Cruz, K. K., Lowrance, P., et al. 2003, AJ, 126, 3007
Reiners, A. 2009, ApJL, 702, L119
Reiners, A., & Basri, G. 2009, The Astrophysical Journal, 705, 1416
—. 2010, ApJ, 710, 924
Riaz, B., Gizis, J. E., & Harvin, J. 2006, AJ, 132, 866
Rice, E. L., Faherty, J. K., & Cruz, K. L. 2010, The Astrophysical Journal
Letters, 715, L165
Riedel, A. R., Finch, C. T., Henry, T. J., et al. 2014, The Astronomical
Journal, 147, 85
Robin, A. C., Marshall, D. J., Schultheis, M., & Reylé, C. 2012, A&A, 538,
106
Rodriguez, D. R., Bessell, M. S., Zuckerman, B., & Kastner, J. H. 2011, The
Astrophysical Journal, 727, 62
Rodriguez, D. R., Zuckerman, B., Kastner, J. H., et al. 2013, The
Astrophysical Journal, 774, 101
Sahu, K. C., Casertano, S., Bond, H. E., et al. 2006, Nature, 443, 534
Sartori, M. J., Lépine, J. R. D., & Dias, W. S. 2003, Astronomy &
Astrophysics, 404, 913
Schlafly, E. F., Green, G., Finkbeiner, D. P., et al. 2014, The Astrophysical
Journal, 786, 29
Schlieder, J. E., Lépine, S., & Simon, M. 2012a, The Astronomical Journal,
143, 80
—. 2012b, The Astronomical Journal, 144, 109
Schmidt, S. J., Cruz, K. K., Bongiorno, B. J., Liebert, J., & Reid, N. I. 2007,
AJ, 133, 2258
Schmidt, S. J., Hawley, S. L., West, A. A., et al. 2015, The Astronomical
Journal, 149, 158
Schmidt, S. J., West, A. A., Hawley, S. L., & Pineda, J. S. 2010, The
Astronomical Journal, 139, 1808
Schneider, A., Melis, C., & Song, I. 2012, The Astrophysical Journal, 754,
39
Schneider, A. C., Cushing, M. C., Kirkpatrick, J. D., et al. 2014, The
Astronomical Journal, 147, 34
Scholz, R. D. 2014, Astronomy & Astrophysics, 561, A113
Seifahrt, A., Reiners, A., Almaghrbi, K. A. M., & Basri, G. 2010, A&A,
512, 37
Shkolnik, E. L., Anglada-Escudé, G., Liu, M. C., et al. 2012, The
Astrophysical Journal, 758, 56
Shkolnik, E. L., Liu, M. C., Reid, I. N., Dupuy, T., & Weinberger, A. J.
2011, The Astrophysical Journal, 727, 6
Shkolnik, E. L., Liu, M. C., & Reid, N. I. 2009, ApJ, 699, 649
Shporer, A., O’Rourke, J. G., Knutson, H. A., et al. 2014, The Astrophysical
Journal, 788, 92
Simcoe, R. A., Burgasser, A. J., Bernstein, R. A., et al. 2008, Ground-based
and Airborne Instrumentation for Astronomy II. Edited by McLean, 7014,
70140U
Simcoe, R. A., Burgasser, A. J., Schechter, P. L., et al. 2013, Publications of
the Astronomical Society of the Pacific, 125, 270
Simons, D. A., & Tokunaga, A. 2002, The Publications of the Astronomical
Society of the Pacific, 114, 169
Siverd, R. J., Beatty, T. G., Pepper, J., et al. 2012, The Astrophysical
Journal, 761, 123
Skemer, A. J., Hinz, P. M., Esposito, S., et al. 2012, The Astrophysical
Journal, 753, 14
52 Gagné et al.
Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, The Astronomical
Journal, 131, 1163
Slesnick, C. L., Hillenbrand, L. A., & Carpenter, J. M. 2004, The
Astrophysical Journal, 610, 1045
Song, I., Zuckerman, B., & Bessell, M. S. 2003, The Astrophysical Journal,
599, 342
Southworth, J. 2010, Monthly Notices of the Royal Astronomical Society,
408, 1689
Stassun, K. G., Kratter, K. M., Scholz, A., & Dupuy, T. J. 2012, The
Astrophysical Journal, 756, 47
Stassun, K. G., Mathieu, R. D., & Valenti, J. A. 2006, Nature, 440, 311
Stephens, D. C., & Leggett, S. K. 2004, The Publications of the
Astronomical Society of the Pacific, 116, 9
Stephens, D. C., Leggett, S. K., Cushing, M. C., et al. 2009, The
Astrophysical Journal, 702, 154
Strauss, M. A., Fan, X., Gunn, J. E., et al. 1999, The Astrophysical Journal,
522, L61
Sumi, T., Kamiya, K., Bennett, D. P., et al. 2011, Nature, 473, 349
Teegarden, B. J., Pravdo, S. H., Hicks, M., et al. 2003, The Astrophysical
Journal, 589, L51
Thalmann, C., Carson, J., Janson, M., et al. 2009, The Astrophysical Journal
Letters, 707, L123
Thompson, M. A., Kirkpatrick, J. D., Mace, G. N., et al. 2013, Publications
of the Astronomical Society of the Pacific, 125, 809
Tingley, B., Endl, M., Gazzano, J. C., et al. 2011, Astronomy &
Astrophysics, 528, A97
Tinney, C. G., Burgasser, A. J., & Kirkpatrick, J. D. 2003, The Astronomical
Journal, 126, 975
Tinney, C. G., Faherty, J. K., Kirkpatrick, J. D., et al. 2014, The
Astrophysical Journal, 796, 39
Torres, C. A. O., da Silva, L., Quast, G. R., de La Reza, R., & Jilinski, E.
2000, AJ, 120, 1410
Torres, C. A. O., Quast, G. R., Melo, C. H. F., & Sterzik, M. F. 2008,
Handbook of Star Forming Regions, I, 757
Torres, R. M., Loinard, L., Mioduszewski, A. J., & Rodríguez, L. F. 2007,
The Astrophysical Journal, 671, 1813
Triaud, A. H. M. J., Hebb, L., Anderson, D. R., et al. 2013, Astronomy &
Astrophysics, 549, A18
Vacca, W. D., Cushing, M. C., & Rayner, J. T. 2003, PASP, 115, 389
van Altena, W. F., Lee, J. T., & Hoffleit, E. D. 1995, New Haven
van Leeuwen, F. 2007, Astronomy & Astrophysics, 474, 653
Voges, W., Aschenbach, B., Boller, T., et al. 1999, Astronomy &
Astrophysics, 349, 389
—. 2000, IAU Circ., 7432, 1
Vrba, F. J., Henden, A. A., Luginbuhl, C. B., et al. 2004, AJ, 127, 2948
Wahhaj, Z., Liu, M. C., Biller, B. A., et al. 2011, The Astrophysical Journal,
729, 139
Warren, S. J., Mortlock, D. J., Leggett, S. K., et al. 2007, Monthly Notices of
the Royal Astronomical Society, 381, 1400
Weinberger, A. J., Anglada-Escudé, G., & Boss, A. P. 2013, The
Astrophysical Journal, 762, 118
West, A. A., Hawley, S. L., Bochanski, J. J., et al. 2008, The Astronomical
Journal, 135, 785
Wilson, J. C., Miller, N. A., Gizis, J. E., et al. 2003, Brown Dwarfs, 211, 197
Winn, J. N., Holman, M. J., Torres, G., et al. 2008, The Astrophysical
Journal, 683, 1076
Witte, S., Helling, C., Barman, T., Heidrich, N., & Hauschildt, P. H. 2011,
Astronomy & Astrophysics, 529, A44
Wolberg, J. 2006, Data Analysis Using the Method of Least Squares,
Extracting the Most Information from Experiments (Springer Science &
Business Media)
Wood, D. O. S., Myers, P. C., & Daugherty, D. A. 1994, Astrophysical
Journal Supplement Series (ISSN 0067-0049), 95, 457
Wright, E. L., Eisenhardt, P. R. M., Mainzer, A. K., et al. 2010, The
Astronomical Journal, 140, 1868
York, D. G., Adelman, J., Anderson, J. E. J., et al. 2000, The Astronomical
Journal, 120, 1579
Zapatero Osorio, M. R., Béjar, V. J. S., Miles-Páez, P. A., et al. 2014,
Astronomy & Astrophysics, 568, A6
Zuckerman, B., Bessell, M. S., Song, I., & Kim, S. 2006, The Astrophysical
Journal, 649, L115
Zuckerman, B., & Song, I. 2004, Annual Review of Astronomy
&Astrophysics, 42, 685
Zuckerman, B., Song, I., & Bessell, M. S. 2004, ApJ, 613, L65
Zuckerman, B., Song, I., Bessell, M. S., & Webb, R. A. 2001a, The
Astrophysical Journal, 562, L87
Zuckerman, B., Song, I., & Webb, R. A. 2001b, The Astrophysical Journal,
559, 388
Zuckerman, B., & Webb, R. A. 2000, The Astrophysical Journal, 535, 959
